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SUMMARY 
P u l p w o o d h a r v e s t i n g o p e r a t i o n s a r e b e i n g m e c h a n i z e d i n r e s p o n s e t c 
l a b o r s h o r t a g e s a n d p a p e r d e m a n d s . C u r r e n t f u l l y m e c h a n i z e d h a r v e s t i n g 
e q u i p m e n t i s l i m i t e d d u e t o d e s i g n p r o b l e m s a n d c u r r e n t f o r e s t p l a n n i n g 
a n d m a n a g e m e n t p o l i c i e s . y 
F o r e s t p l a n n i n g a n d m a n a g e m e n t p o l i c i e s a n d h a r v e s t i n g m a c h i n e 
d e s i g n s h o u l d b e d e v e l o p e d a n d r e f i n e d i n c o n j u n c t i o n w i t h e a c h o t h e r 
a n d m a n a g e m e n t o b j e c t i v e s . 
A f u t u r e h a r v e s t i n g m a c h i n e d e s i g n i s p r o p o s e d t o e l i m i n a t e o r 
r e d u c e m a n y o f t h e d e s i g n p r o b l e m s i n c u r r e n t h a r v e s t i n g m a c h i n e s . T h e 
p u r p o s e o f t h i s w o r k i s t o e v a l u a t e f o r e s t p l a n n i n g a n d m a n a g e m e n t 
a l t e r n a t i v e s i n c o n j u n c t i o n w i t h t h e p r o p o s e d h a r v e s t e r d e s i g n a n d 
m a n a g e m e n t o b j e c t i v e s o f t h e i n d e p e n d e n t l a n d o w n e r ( a s s u m e d m a x i m u m r a t e 
o f r e t u r n o n e x p e n d i t u r e s ) a n d t h e p a p e r c o m p a n y ( a s s u m e d m i n i m u m w o o d 
g r o w i n g c o s t ) . T h e r e s u l t s o f t h e e v a l u a t i o n a r e u s e d t o d e t e r m i n e 
f o r e s t p l a n n i n g a n d m a n a g e m e n t a l t e r n a t i v e s t h a t o p t i m i z e t h e m a n a g e m e n t 
o b j e c t i v e s a n d t h e r e l a t e d t r e e a n d f o r e s t c h a r a c t e r i s t i c s f o r w h i c h t o 
s p e c i a l i s e a n d r e f i n e t h e p r o p o s e d h a r v e s t e r d e s i g n . 
A h a r v e s t e r s i m u l a t i o n m o d e l i s d e v e l o p e d , i n GPSS I I c o m p u t e r 
l a n g u a g e , t o d e t e r m i n e t h e t r e e p r o c e s s i n g t i m e o f t h e p r o p o s e d h a r v e s t e r 
r e l a t i v e t o t r e e a n d f o r e s t c h a r a c t e r i s t i c s . A f o r e s t g r o w t h m o d e l i s 
d e v e l o p e d , i n DYNAMO c o m p u t e r l a n g u a g e , t o d e t e r m i n e t r e e a n d f o r e s t 
c h a r a c t e r i s t i c s r e l a t i v e t o f o r e s t p l a n n i n g a n d m a n a g e m e n t a l t e r n a t i v e s . 
A n e c o n o m i c m o d e l i s d e v e l o p e d , i n DYNAMO c o m p u t e r l a n g u a g e , t o e v a l u a t e 
X V 
t h e p r o p o s e d h a r v e s t e r d e s i g n a n d f o r e s t p l a n n i n g a n d m a n a g e m e n t 
a l t e r n a t i v e s i n c o n j u n c t i o n w i t h e a c h o t h e r a n d m a n a g e m e n t o b j e c t i v e s . 
I t i s c o n c l u d e d t h a t f u t u r e h a r v e s t i n g m a c h i n e d e s i g n a n d 
f o r e s t p l a n n i n g a n d m a n a g e m e n t p o l i c i e s s h o u l d b e d e v e l o p e d i n c o n ­
j u n c t i o n w i t h e a c h o t h e r a n d m a n a g e m e n t o b j e c t i v e s . C o m p u t e r 
s i m u l a t i o n i s a v a l u a b l e t o o l i n a c c o m p l i s h i n g t h i s o b j e c t i v e . T h e 
p r o p o s e d h a r v e s t e r d e s i g n , i n c o n j u n c t i o n w i t h o p t i m a l f o r e s t p l a n n i n g 
a n d m a n a g e m e n t a l t e r n a t i v e s , s i g n i f i c a n t l y i n c r e a s e s c u r r e n t p r o d u c t i o n 
r a t e s a n d r e d u c e s c u r r e n t h a r v e s t i n g c o s t . T r e e c h a r a c t e r i s t i c s f o r 
t h e h a r v e s t e r s p e c i a l i z a t i o n a n d r e f i n e m e n t a s w e l l a s t h e o p t i m a l 
f o r e s t p l a n n i n g a n d m a n a g e m e n t a l t e r n a t i v e s a r e i d e n t i f i e d a s a r e s u l t 
o f t h i s w o r k . 
C H A P T E R I 
I N T R O D U C T I O N 
P u r p o s e 
F o r e s t p l a n n i n g a n d m a n a g e m e n t p o l i c i e s a n d h a r v e s t i n g m a c h i n e 
d e s i g n s s h o u l d b e d e v e l o p e d i n c o n j u n c t i o n w i t h e a c h o t h e r s o a s t o 
o p t i m i z e e c o n o m i c o b j e c t i v e s . T h e p u r p o s e o f t h i s w o r k i s t o 
e c o n o m i c a l l y e v a l u a t e f o r e s t p l a n n i n g a n d m a n a g e m e n t a l t e r n a t i v e s i n 
c o n j u n c t i o n w i t h a p r o p o s e d f u t u r e h a r v e s t i n g m a c h i n e d e s i g n . T h e 
p r o p o s e d h a r v e s t i n g m a c h i n e i s d e s i g n e d t o e l i m i n a t e o r r e d u c e m a n y 
d e s i g n p r o b l e m s i n c u r r e n t h a r v e s t i n g m a c h i n e s . T h e e v a l u a t i o n i s 
b a s e d o n m a n a g e m e n t o b j e c t i v e s o f t h e i n d e p e n d e n t l a n d o w n e r a n d t h e 
p a p e r c o m p a n y . T h e r e s u l t s o f t h i s e v a l u a t i o n a r e u s e d t o d e t e r m i n e 
f o r e s t p l a n n i n g a n d m a n a g e m e n t a l t e r n a t i v e s t h a t o p t i m i z e t h e m a n a g e m e n t 
o b j e c t i v e s a n d i d e n t i f y t h e r e l a t e d t r e e a n d f o r e s t c h a r a c t e r i s t i c s f o r 
w h i c h t h e p r o p o s e d h a r v e s t e r d e s i g n s h o u l d b e s p e c i a l i z e d a n d r e f i n e d . 
N a t u r e o f t h e P r o b l e m 
n o r m a l l y , t h e i n d e p e n d e n t l a n d o w n e r d e s i r e s t h e m a x i m u m r a t e o f 
r e t u r n o n f o r e s t i n v e s t m e n t a n d g r o w i n g c o s t ; w h e r e a s t h e p a p e r c o m p a n y 
d e s i r e s m i n i m u m w o o d g r o w i n g c o s t . T h e e c o n o m i c e v a l u a t i o n o f f o r e s t 
p l a n n i n g a n d m a n a g e m e n t a l t e r n a t i v e s , i n c o n j u n c t i o n w i t h t h e p r o p o s e d 
h a r v e s t e r d e s i g n , i s b a s e d o n t h e s e m a n a g e m e n t o b j e c t i v e s o f t h e 
i n d e p e n d e n t l a n d o w n e r a n d t h e p a p e r c o m p a n y . 
H a r v e s t i n g m a c h i n e d e s i g n s a r e a f f e c t e d b y f o r e s t p l a n n i n g a n d 
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m a n a g e m e n t a l t e r n a t i v e s a n d o p t i m a l f o r e s t p l a n n i n g a n d m a n a g e m e n t 
a l t e r n a t i v e s a r e d e p e n d e n t u p o n h a r v e s t i n g m a c h i n e d e s i g n s . I n v i e w o f 
t h i s , i t i s d e s i r a b l e t h a t t h e p r o p o s e d h a r v e s t i n g m a c h i n e a n d f o r e s t 
p l a n n i n g a n d m a n a g e m e n t a l t e r n a t i v e s b e e v a l u a t e d a n d r e f i n e d b y a n 
i t e r a t i v e p r o c e s s . 
I n o r d e r t o c o n d u c t t h e e v a l u a t i o n , i t i s n e c e s s a r y t o d e t e r m i n e 
t h e h a r v e s t e r p r o d u c t i o n r a t e a n d r e l a t e d h a r v e s t i n g c o s t r e l a t i v e t c 
t r e e a n d f o r e s t c h a r a c t e r i s t i c s . T h e t r a d i t i o n a l m e t h o d f o r d e t e r m i n i n g 
h a r v e s t i n g e q u i p m e n t p r o d u c t i o n r a t e s a n d r e l a t e d c o s t s i s t o b u i l d a 
p r o t o t y p e m o d e l a n d e v a l u a t e t h e d e s i g n b y e x p e r i m e n t i n g w i t h t h e m o d e l . 
I n v i e w o f t h e c o s t s a n d l i m i t a t i o n s r e l a t e d t o p r o t o t y p e m o d e l 
c o n s t r u c t i o n a n d e x p e r i m e n t a t i o n , c o m p u t e r s i m u l a t i o n i s a m o r e 
e c o n o m i c a l a n d v e r s a t i l e m e t h o d t o d e t e r m i n e t h e p r o p o s e d h a r v e s t e r ' s 
p r o d u c t i o n r a t e r e l a t i v e t o t r e e a n d f o r e s t c h a r a c t e r i s t i c s . A h a r v e s t e r 
s i m u l a t i o n m o d e l i s d e v e l o p e d t o d e t e r m i n e t h e h a r v e s t e r ' s p r o d u c t i o n 
r a t e b y s i m u l a t i n g t h e t i m e r e q u i r e d f o r e a c h m o v e m e n t i n h a r v e s t i n g a 
s a m p l e f o r e s t w i t h s p e c i f i c t r e e a n d f o r e s t c h a r a c t e r i s t i c s . T h e t i m e 
r e q u i r e d f o r e a c h m o v e m e n t i s b a s e d o n t h e p r o v e n p e r f o r m a n c e o f c u r r e n t l y 
a v a i l a b l e c o m p o n e n t s u t i l i z e d i n t h e h a r v e s t e r d e s i g n . T h e p r o p o s e d h a r ­
v e s t e r ' s p e r f o r m a n c e , , r e l a t i v e t o t r e e a n d f o r e s t c h a r a c t e r i s t i c s , i s 
r e a d i l y d e t e r m i n e d b y s i m u l a t i n g t h e h a r v e s t i n g o f a v a r i e t y o f f o r e s t s 
w i t h s p e c i f i e d t r e e a n d f o r e s t c h a r a c t e r i s t i c s . 
T h e p r o p o s e d h a r v e s t e r ' s h o u r l y o p e r a t i n g c o s t i s d e t e r m i n e d f r o m 
t h e i n i t i a l c o s t a n d r e l a t e d o p e r a t i n g c o s t o f c o m p o n e n t s u t i l i z e d i n 
t h e h a r v e s t e r d e s i g n . 
I t i s n e c e s s a r y t o r e l a t e t h e p r o p o s e d h a r v e s t e r o p e r a t i n g c o s t 
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to forest planning and management alternatives. The harvester's 
production rate and related harvesting cost i s a function of tree and 
forest characteristics. Therefore, a tree growth computer model i s 
developed to determine tree and forest characteristics relative to 
forest planning and management alternatives. The tree growth model 
i s based on established tree growth characteristics. 
The forest i s a long-term investment and there are many factors 
that affect the independent landowner's rate of return and the paper com­
pany's wood growing cost. I t i s desirable that forest planning and 
management policies, established at planting time, be compatible with 
harvesting operations and policies that will exist many years in the fu­
ture. These policies must consider economic factors over many years of 
forest growth. The i n i t i a l land investment, s i te clearing cost, s i te 
preparation cost, and s i te planning cost at planting time are some of the 
costs in i t ia l ly incurred. Tax and management cost, as affected by in­
flation, are ongoing costs. The value of the forest at harvesting time 
i s affected by inflation, forest yield, stumpage prices, and harvesting 
cost. The harvesting cost i s a function of machine design, inflation, 
and characteristics of the trees and forest. 
An economic model i s developed to economically evaluate forest 
planning and management alternatives in conjunction with the proposed 
machine design and management objectives. The economic model ut i l i zes 
the results of the forest growth model and the harvester simulation 
model. 
Statement QJ? t h e Object ive 
The o b j e c t i v e s of t h i s work a r e as fo l lows: 
(1) Determine the f o r e s t p lanning and management a l t e r n a t i v e s 
( p l a n t i n g dens i ty and h a r v e s t i n g age r e l a t i v e t o s i t e index and s i t e 
c l earance requirement) t h a t provide t h e independent landowner wi th a 
maximum r a t e of r e t u r n ( a d j u s t e d f o r h a r v e s t i n g c o s t ) on f o r e s t i n v e s t ­
ment and growing cost and t h e paper company with a minimum wood growing 
cost ( ad jus t ed f o r h a r v e s t i n g cos t ) when t h e f o r e s t i s harves ted wi th 
t h e proposed h a r v e s t e r . 
(2) Determine t h e t r e e and f o r e s t c h a r a c t e r i s t i c s r e s u l t i n g when 
optimal f o r e s t p lanning and management a l t e r n a t i v e s a r e u t i l i z e d i n o r d e r 
t o i d e n t i f y t h e c h a r a c t e r i s t i c s f o r which the proposed h a r v e s t e r design 
should be s p e c i a l i z e d and r e f i n e d . 
(3) Determine t h e independent landowner's maximum r a t e of r e t u r n 
(ad jus t ed for h a r v e s t i n g cost ) on t h e f o r e s t investment and growing c o s t 
as wel l as t h e paper company's minimum growing cost ( a d j u s t e d f o r h a r ­
v e s t i n g cos t ) when opt imal f o r e s t p lanning and management a l t e r n a t i v e s 
a r e u t i l i z e d . 
(h) Determine t h e h a r v e s t i n g cos t per cord when opt imal f o r e s t 
p lanning and management a l t e r n a t i v e s a r e u t i l i z e d . 
(5>) Determine t h e proposed, h a r v e s t e r ' s p r o d u c t i v i t y when opt imal 
f o r e s t p lann ing and management a l t e r n a t i v e s a r e u t i l i z e d . 
(6) Determine t h e h a r v e s t i n g cost percentage of the combined wood 
growing cost and h a r v e s t i n g cost and t h e percentage of t h e combined 
stumpage p r i c e and h a r v e s t i n g cos t when opt imal f o r e s t p lanning and 
management a l t e r n a t i v e s a r e u t i l i z e d . 
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(7) Determine the s e n s i t i v i t y of t h e landowner 's r a t e of r e t u r n 
on f o r e s t investment and growing cos t , t he paper company's wood growing 
c o s t , and the h a r v e s t i n g cos t r e l a t i v e t o va r i ance from t h e opt imal 
f o r e s t p lanning and management a l t e r n a t i v e s . 
(S) Determine t h e reduc t ion i n maximum wood volume y i e l d caused 
by opt imizing the r a t e of r e t u r n and wood growing c o s t . 
ScoDe and L imi t a t i ons 
• H r • a n i i 
The proposed harves te r , design u t i l i s e s e x i s t i n g machine components 
which were commercially a v a i l a b l e a t t h e time, of t h i s work and which have 
e s t a b l i s h e d performance c h a r a c t e r i s t i c s . The h a r v e s t e r ' s i n i t i a l c o s t 
and ope ra t ing cos t i s based on t h e i n i t i a l cos t and r e l a t e d ope ra t i ng 
cost of these components a t t h e -current t ime of t h i s work. The h a r v e s t e r 
s imula t ion model i s based on t h e e s t a b l i s h e d performance c h a r a c t e r i s t i c s 
of t h e s e components. 
The proposed h a r v e s t e r i s des igned t o p r o c e s s t r e e s w i th a 
maximum D.B.H. (diamater a t b r e a s t he igh t ) of 12 inches and a maximum 
t r e e weight of 1,500 pounds. The h a r v e s t e r i s a l s o designed t o p r o c e s s 
a maximum stem length of 50 f e e t i n a s i n g l e p rocess ing sequence. Trees 
65 f e e t high a r e assumed t o have a 50 foc t merchantable stem. The h a r ­
v e s t e r i s not recyc led fo r t he smal l volume of T:ood. in t he t ops of t r e e s 
over 65 f e e t h igh . The volume l o s t i n t h e top above 50 f e e t , i n t r e e s 
over 65 f e e t h igh , i s accounted fo r by t h e economic model. 
The ha rves t i ng opera t ion i s l i m i t e d to t he p roces s ing of t r e e s 
i n t o u n i t l o a d s . The u n i t l oads a r e depos i t ed on the ground i n t h e 
immediate v i c i n i t y where they a r e p rocessed . 
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T h e h a r v e s t e r s i m u l a t i o n m o d e l s i m u l a t e s t h e h a r v e s t i n g o f f o r e s t s 
w i t h i n i t i a l p l a n t i n g d e n s i t i e s o f 200 t o 1,000 t r e e s p e r a c r e (in 100 
t r e e s p e r a c r e i n c r e m e n t s ) a t s u r v i v a l p e r c e n t a g e s o f 65, 7 0 , 7 5 , a n d 
GO p e r c e n t w i t h t r e e s c f 5, 6 , 7 , 8, 9, a n d 10 i n c h D . B . I T . 
F o r e s t p l a n n i n g a n d m a n a g e m e n t a l t e r n a t i v e s i n c o n j u n c t i o n w i t h 
t h e h a r v e s t e r d e s i g n a r e e v a l u a t e d r e l a t i v e t o e c o n o m i c m a n a g e m e n t o b ­
j e c t i v e s o f t h e i n d e p e n d e n t l a n d o w n e r a n d t h e p a p e r c o m p a n y . T h e 
i n d e p e n d e n t l a n d o w n e r ' s m a n a g e m e n t o b j e c t i v e i s a s s u m e d t o b e m a x i m u m 
r a t e o f r e t u r n o n t h e f o r e s t i n v e s t m e n t a n d g r o w i n g c o s t . T h e 
i n d e p e n d e n t l a n d o w n e r ' s r a t e o f r e t u r n i s d e t e r m i n e d b o t h w h e r e s i t e 
c l e a r a n c e i s r e q u i r e d a n d w h e r e s i t e c l e a r a n c e i s n o t r e q u i r e d . T h e 
p a p e r c o m p a n y ' s m a n a g e m e n t o b j e c t i v e i s a s s u m e d t o b e m i n i m u m w o o d g r o w ­
i n g c o s t w h e n t h e p a p e r c o m p a n y g r o w s i t s o w n w o o d . T h e p a p e r c o m p a n y ' s 
w o o d g r o w i n g c o s t i s d e t e r m i n e d w h e n t h e p a p e r c o m p a n y u t i l i s e s i n d u s t r i a l 
f u n d s f o r t h e f o r e s t i n v e s t m e n t a n d g r o w i n g c o s t b o t h w h e r e s i t e c l e a r a n c e 
i s r e q u i r e d a n d w h e r e s i t e c l e a r a n c e i s n o t r e q u i r e d . T h e i n d u s t r i a l 
f u n d s a r e a s s u m e d t o n o r m a l l y p r o d u c e a 1 5 p e r c e n t r e t u r n o n i n v e s t m e n t 
a n d b e t a x e d a t a AiO p e r c e n t c o r p o r a t e i n c o m e t a x r a t e . I n v i e w o f t h i s , 
t h e r e s u l t i n g o p p o r t u n i t y c o s t o f t h e f u n d s i s f p e r c e n t ( a n n u a l l y ) . 
A l s o , t h e p a p e r c o m p a n y 1 s w o o d g r o w i n g c o s t i s d e t e r m i n e d w h e n t h e p a p e r 
c o m p a n y b o r r o w s f u n d s ( a t 6 p e r c e n t a n n u a l i n t e r e s t ) f o r t h e f o r e s t i n ­
v e s t m e n t a n d g r o w i n g c o s t w h e r e s i t e c l e a r a n c e i s r e q u i r e d . 
A s t a n d a r d h a r v e s t i n g c o s t a l l o w a n c e i s u s e d t o m a k e t h e s t u m p a g e 
p r i c e a n d w o o d g r o w i n g c o s t r e s p o n s i v e t o h a r v e s t i n g c o s t . When t h e h a r ­
v e s t i n g c o s t e x c e e d s t h e h a r v e s t i n g c o s t a l l o w a n c e , t h e s t u m p a g e p r i c e i s 
d e c r e a s e d a n d t h e w o o d g r o w i n g c o s t i s i n c r e a s e d a c c o r d i n g l y . When t h e 
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c o s t i s l e s s t h a n t h e h a r v e s t i n g c o s t a l l o w a n c e , t h e s t u m p a g e p r i c e i s 
i n c r e a s e d a n d t h e w o o d g r o w i n g c o s t i s d e c r e a s e d a c c o r d i n g l y . T h e 
s t a n d a r d h a r v e s t i n g c o s t a l l o w a n c e i s s e t a t 1 .50 d o l l a r s a t p l a n t i n g 
t i n e a n d i n c r e a s e d a t t h e i n f l a t i o n r a t e i n s u b s e q u e n t y e a r s . 
A l l f o r e s t p l a n n i n g a n d m a n a g e m e n t a l t e r n a t i v e s c o n s i d e r e d a r e f o r 
s l a s h n i n e p l a n t a t i o n s . O n l y c l e a r - c u t t i n g o p e r a t i o n s a r e c o n s i d e r e d . 
T h e f o r e s t p l a n n i n g a r i d m a n a g e m e n t a l t e r n a t i v e s c o n s i d e r e c i a r e h a r v e s t i n g 
a g e (0 t o k0 y e a r s ) a t v a r i o u s i n i t i a l p l a n t i n g d e n s i t i e s (200 t o 1 ,000 
t r e e s p e r a c r e i n 100 t r e e s p e r a c r e i n c r e m e n t s ) f o r t h e f o l l o w i n g s i t e 
i n d i c e s : !<0, 50, 60, 7 0 , a n d 80. 
A l l c o s t s i n t h i s w o r k a r e b a s e d o n t h e i n f l a t i o n r a t e a n d c o s t s 
a v a i l a b l e i n 1968. P l a n t i n g t i m e i s c o n s i d e r e d t o b e i n 1968. 
D u e t o t h e l o n g - t e r m n a t u r e o f t h e f o r e s t , i n f l a t i o n h a s a 
s i g n i f i c a n t e f f e c t o n f o r e s t e c o n o m i c s . T h e i n f l a t i o n r a t e i s a s s u m e d 
t o b e a t a c o m p o u n d a n n u a l r a t e o f 3 p e r c e n t . A t t h i s r a t e , v a l u e s 
( a f f e c t e d b y i n f l a t i o n ) c h a n g e m o r e t h a n 100 p e r c e n t i n 25 y e a r s . 
T h e t r e e a n d f o r e s t c h a r a c t e r i s t i c s i d e n t i f i e d a s t h e c h a r a c t e r ­
i s t i c s f o r w h i c h t h e h a r v e s t e r s h o u l d b e r e f i n e d a r e t h e c h a r a c t e r i s t i c s 
r e s u l t i n g w h e n t h e o p t i m a l f o r e s t p l a n n i n g a n d m a n a g e m e n t a l t e r n a t i v e s 
a r e u t i l i z e d . 
T h e e f f e c t s o n e c o l o g y a n d n o n - f o r e s t l a n d u s e s a r e n o t c o n s i d e r e d 
i n t h i s w o r k . 
P r o c e d u r e 
T h e p r o c e d u r e u s e d t o e v a l u a t e f o r e s t p l a n n i n g a n d m a n a g e m e n t 
a l t e r n a t i v e s i n c o n j u n c t i o n w i t h t h e p r o p o s e d h a r v e s t e r d e s i g n a n d m a n a g e -
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merit o b j e c t i v e s i s as fo l lows : 
( 1 ) Develop a h a r v e s t e r s imula t ion model, i n GPSS I I computer 
language, t o s imulate t he proposed h a r v e s t e r xijhen ha rves t i ng f o r e s t s wi th 
spec i f i ed t r e e and f o r e s t c h a r a c t e r i s t i c s . 
(2) Experiment with the h a r v e s t e r s imula t ion model and a sample 
f o r e s t wi th s p e c i f i c t r e e and f o r e s t c h a r a c t e r i s t i c s t o determine t h e 
h a r v e s t e r ' s p rocess ing time p e r h a r v e s t a b l e t r e e r e l a t i v e t o i n i t i a l 
p l a n t i n g d e n s i t y , t r e e s u r v i v a l , and t r e e D.B.H. 
(3) Develop a f o r e s t growth model, i n DYNAMO computer language, 
t o determine the t r e e and fores t , c h a r a c t e r i s t i c s r e l a t i v e t o f o r e s t 
p lanning and management a l t e r n a t i v e s . 
(h) Experiment with t h e f o r e s t growth model t o determine the 
t r e e and f o r e s t c h a r a c t e r i s t i c s ( t r e e h e i g h t , t r e e D.B.H., t r e e weight , 
t r e e volume, t r e e s u r v i v a l , t r e e b a s a l a rea per a c r e , and wood y i e l d p e r 
acre) r e l a t i v e t o f o r e s t p lanning and management a l t e r n a t i v e s ( s i t e 
index, i n i t i a l p l a n t i n g d e n s i t y , and ha rves t ing a g e ) . 
(£•) Develop an economic model, i n DYNAMO computer language, t o 
determine ( r e l a t i v e t o f o r e s t p lanning and management a l t e r n a t i v e s ) t he 
independent landowner ' s r a t e of r e t u r n on the f o r e s t investment and grow­
ing cos t as we l l as the paper company's wood growing cos t when f o r e s t s 
a r e ha rves ted wi th t h e proposed h a r v e s t e r . 
(6) Experiment wi th t h e economic model t o determine t h e independent 
landowner ' s r a t e of r e t u r n , t he paper company's wood growing c o s t , t he 
h a r v e s t i n g c o s t , and data r e l a t e d t o f o r e s t p lanning and management 
a l t e r n a t i v e s ( s i t e index, i n i t i a l p l a n t i n g d e n s i t y , and h a r v e s t i n g a g e ) . 
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(7) Analyze the r e s u l t s of t h e exper imenta t ion with t h e 3 models 
t o s a t i s f y t h e ob jec t ive of the r e s e a r c h . 
1 0 
CHAPTER II 
BACKGROUND OF THE PROBLEM 
The paper industry in the Southeastern United States i s now facing 
a potential wood supply cris is due to problems in producing and harvest­
ing pulpwood ( 1 ) . In the past, the paper industry directed major efforts 
toward improving paper manufacturing while practically neglecting pro­
duction and harvesting of wood. This was made possible, and even prof i t ­
able, by large wood reserves and abundant available labor which no longer 
exists. In recent years, the paper industry and equipment manufacturers 
have made efforts to improve harvesting operations by limited mechaniza­
tion. Improvements in productivity per work unit have resulted but are 
inadequate to resolve the problems. I t i s now necessary that efficient 
high performance harvesting systems be developed in conjunction with 
future forest management practices so that adequate solutions will be 
available to combat the pending cr i s i s . 
Forest Growth Problems 
In 1968, Dyck ( 1 ) reported that the United States had some 509 
million acres of commercial forest land and, during 1966, these lands 
produced approximately 55 million cords of pulpwood. The U. S. Forest 
Service estimates the demand to be 101 million cords in 1985* This i s 
an 81* percent increase in demand for pulpwood in 20 years. 
Between 1953 and 1963* commercial forest acreage increased 1 . 5 
percent. However, a million or so acres of forest land i s being taken 
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annually for agricul ture, right-of-ways, res ident ia l developments, 
industr ial s i t e s , and the l i k e . This unpredictable give-and-take tends 
to transfer the more productive and accessible forest land into other 
uses while worn-out and l e s s desirable land reverts to forest use. The 
need for land-use planning, on both a l oca l and a national sca le , becomes 
ever more apparent from the standpoint of a l l potential uses . I t i s e s ­
pec i a l ly pressing for forestry because the growing of trees and other 
major wild land uses are long-term operations requiring assurance that the 
land w i l l be available long enough to produce the desired return ( 2 ) . 
Improvement of the forest land a v a i l a b i l i t y in the long-term 
( 1 9 8 5 to 1 9 9 5 and beyond) i s very pessimist ic . Conversion of forest 
lands into agricul tural lands i s a l og i ca l outcome of the rapidly develop­
ing world-wide food problem. The only hope seems to l i e in intensive 
forest management programs that promise productivity increases of over 3 0 
percent ( 1 ) . 
The forests that must produce increased y ie lds when they are har­
vested during 1 9 9 0 - 2 0 0 0 time period must be properly planned today and 
s c i e n t i f i c a l l y managed. The current land ownership patterns and related 
economics are not very responsive to th is fact and can lead to serious 
consequences. This problem i s especia l ly c r i t i c a l in the South where the 
bulk of the pulpwood i s obtained from small woodlands held by independent 
owners. Business Week ( 3 ) reported in 1 9 6 8 , that though the i r numbers 
are diminishing, small timber holdings ( 1 0 to 2 0 acres) predominate the 
pulpwood business by comprising $2 percent of a l l avai lable timberland. 
The small landowners are made up of a var ie ty of individuals . A 
large majority are farmers, many being small farmers, whose major in teres t 
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in the land i s related to agriculture. Other groups who t i e up an ever-
increasing woodland acreage are business executives and professional 
people who acquire these lands for recreational and retirement purposes. 
Due to their scale of operation, these small landowners do not scientif i ­
cally plan and manage their forest. Currently, there i s not an economic 
incentive for these small landowners to increase their land yield. 
I t i s not desirable for the paper companies to attempt to buy suf­
ficient land to satisfy the wood demand. Land ownership i s very important 
to a very large segment of the American public. In view of th i s , i t i s 
very doubtful if the public would allow a few large companies to control 
such a large percentage of land. 
The only practical solution seems to be mutual cooperation between 
the paper companies and the small landowners. With an adequate incentive, 
the small landowner i s probably interested in forest planning and manage­
ment to increase yield. Expensive! high production equipment i s required 
to properly prepare, plant, and harvest the forest efficiently. If the 
paper companies develop a pool of such equipment, they can prepare, plant, 
and harvest the small landowner's land at reasonable costs and insure the 
landowner adequate return on investment. This i s desirable to the land­
owner because i t helps insure an adequate return on investment, and i t 
i s desirable to the paper company because i t helps insure an adequate 
wood supply. The small acreage problem can be alleviated by systemat­
ical ly scheduling operations on small land acreages in the immediate 
vicinity of each other. 
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Forest Harvesting Problems 
In addition to problems related to land planning and management, 
there are severe labor problems developing that must be resolved to pro­
vide adequate harvesting capacity in accordance with future pulpwood de­
mands (k) • For many years, the national economy provided an abundant and 
cheap labor supply. In this labor environment, pulpwood harvesting re­
quirements were readily' accomplished by manual operations. During th i s 
time, working conditions were characterized by low wages, irregular work, 
excessive physical exertion, and excessive exposure to adverse forest en­
vironments. The national economy began to improve while the paper indus­
try was making l i t t l e effort to improve harvesting operations and related 
working conditions. The expanding economy produced a large demand, in 
urban centers, for labor to f i l l jobs that offered good wages, regular 
work, and improved working conditions. The paper industry was then con­
fronted with an expanding demand for paper in a dwindling labor force 
that was demanding better wages and improved working conditions. 
Development of the lightweight power saw, during the early 
19£0 fs, was the f i r s t major effort to eliminate some pulpwood harvesting 
dependence on manual power. The power saw was followed by the powered 
cable hoist mounted on the haul truck to relieve the burden of loading 
the pulpwood. 
In 195>0, the logging industry required approximately 200,000 men 
to produce almost 21 million cords of pulpwood. In 1961, 220,000 men 
produced i|0 million cords. Production during this 11 year period almost 
doubled with only a 10 percent increase in manpower requirements. The 
introduction of the chain saw, improved truck handling equipment, 
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mechanized reloading yards, and chip residue programs had a dramatic effect 
on the drop in manpower needs (U)» 
When the power saws and truck mounted cable hoists were developed, 
they were naturally adapted to the existing small pulpwood harvesting 
crews. Due to their related small investments, low ski l l requirements, 
and increased labor productivity, they were readily incorporated into 
existing operations* 
By the early 1960's, further advances in mechanization were made 
by the introduction of the articulated skidder (h wheel drive and rubber 
t ires) and hydraulically operated pulpwood handling equipment* These 
advances increased productivity and reduced manual effort, but they were 
not readily incorporated into the existing harvesting operations which 
were performed mostly by small crews* This equipment required much higher 
i n i t i a l investments, increased operator training, increased maintenance, 
higher operating costs, and more management planning* I t was diff icult 
to upgrade the small harvesting crews with this equipment due to their 
limited financial resources, scale of operation, and training. Only the 
larger harvesting crews and the paper company's harvesting crews were 
adaptable to this equipment. 
The paper companies and equipment manufacturers continued in the 
development of harvesting equipment that would fully mechanize pulpwood 
harvesting. According to Rolston (3), the ideal of mechanization was to 
be reached when a worker did not have to get on the ground. Equipment 
was placed on the market by the mid and late 1960's that satisfied this 
goal of ful l mechanization. 
The Buschcombine, the f i r s t fully mechanized harvesting system, 
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was f i r s t p l aced i n s e r v i c e i n 1961*. While opera ted by one man, i t f e l l s , 
del imbs, measures , bucks , p r e - h a u l s , and l oads 1.1 cord bundles of 5> f o o t , 
6 inch b o l t s onto a p a l l e t o r t r u c k . I t was t h e f i r s t machine t o u t i l i z e 
h y d r a u l i c shear c u t t i n g of wood, which has been u t i l i z e d i n many o t h e r 
subsequent des igns . I t i s des igned t o p r o c e s s a t r e e w i t h a maximum 
diameter of 19 inches ( $ ) . I t s manufacturer terms t h e Buschcombine a s a 
mass p roduc t ion l i n e concept t h a t has more t h a n t r i p l e d t h e l abor o u t p u t . 
The Koehring P rocesso r , i n t roduced 3 yea r s a f t e r t h e Buschcombine, 
has a s i m i l a r p roduc t ion sequence. T h i s machine has a t r e e - p r o c e s s i n g 
boom t h a t performs a cont inuous downward ope ra t ion whi l e t opp ing , 
l imbing , and bucking . The r e s u l t i n g 8 f oo t b o l t s a r e conveyed t o , and 
accumulated i n , a r e a r g rapp le t h a t l o a d s them on h a u l t r u c k s when a 
l oad i s formed. This machine i s designed f o r a maximum diameter of 1 6 
i n c h e s (5>)» 
S i ca rd and Logging Research Assoc i a t e s have developed s i m i l a r f u l l y 
mechanized systems t h a t u t i l i z e a f e l l e r - b u n c h e r and a wood p r o c e s s o r . 
The f e l l e r - b u n c h e r h y d r a u l i c a l l y s h e a r s t h e t r e e s from t h e stump and de ­
p o s i t s them i n a s t o r a g e g rapp le . When a l oad i s formed, t h e f e l l e r -
buncher t r a n s p o r t s t h e t r e e s t o t h e p roces so r f o r a d d i t i o n a l p r o c e s s i n g . 
The p r o c e s s o r t o p s , del imbs, measures , bucks and d e p o s i t s t h e pulpwood 
b o l t s i n bund le s . The bundles of b o l t s a r e then loaded on t r u c k s f o r 
h a u l i n g . The Logging Research A s s o c i a t e s 1 p r o c e s s o r a l s o debarks t h e 
t r e e s . The S i c a r d and Logging Research A s s o c i a t e s 1 systems a r e des igned 
f o r a maximum t r e e d iameter of 1 6 and 1 8 i n c h e s , r e s p e c t i v e l y . 
Omark and B e l o i t h a r v e s t e r s a r e s i m i l a r f u l l y mechanized sys tems 
t h a t have a h y d r a u l i c shea r , delimiter, and bucker mounted on a h y d r a u l i c -
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ally operated boom. These machines sever the tree from the stump with a 
hydraulic shear while securing the stem with the boom. The boom then 
tops, delimbs, measures, bolts, and stacks the wood on the ground. The 
Omark system is designed for a maximum tree diameter of 17 inches. The 
Beloit system is designed for a similar maximum tree diameter. 
All of these fully mechanized harvesting systems have greatly in­
creased man-machine productivity over the less mechanized systems. In 
most cases there has been some reduction in harvesting cost. The great­
est problem related to these fully mechanized systems i s their cost. 
All of them cost more than 50,000 dollars each. In general, the paper 
company's harvesting crews are the only crews that can ut i l ize this 
equipment due to i t s i n i t i a l cost. 
These machines are the f i r s t generation of fully mechanized har­
vesting systems and they lack refinement. The machines have a poor cost-
productivity ra t io . The major limitation on their production rate i s 
caused by designs that allow only one operation to be performed on only 
one tree at a time while much of the machine and the operator are idle or 
improperly uti l ized. These machines are also designed for too wide a 
range of tree sizes. All of them are designed to harvest trees with at 
least 1 6 inch diameters. Preliminary analysis of the economics related 
to tree growth indicates that i t i s not economical to even grow trees to 
a 1 2 inch diameter. This i s further verified by this work. A review of 
tree characteristics indicates a tree with a 16 inch diameter weighs 
approximately twice as much as one with a 1 2 inch diameter and approxi­
mately k times as much as one with a 9 inch diameter. The machine design, 
cycle time, and operating cost are closely related to the maximum size 
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tree a machine is designed to harvest. 
In view of the above, future harvesting machine designs and future 
forest planning and management should be developed in conjunction with 
each other and the related management objectives. 
Evaluation of Forest Growth and Harvesting Problems 
In the past, there has been considerable difficulty in evaluating 
forest planning and management alternatives and harvesting equipment de­
sign. Harvesting equipment design was normally evaluated by experimenta­
tion with equipment after i t was fabricated. Evaluation of forest 
planning and management alternatives was limited by the long-term nature 
of the forest. The development of the electronic computer in the 1 9 £ 0 f s 
and the increased refinement and availability since that time has recent­
ly made possible the evaluation of forest planning and management a l t er ­
natives, as well as harvesting equipment design, by computer simulation. 
In the past 1 f > years, the cost of arithmetical computations has 
decreased by a factor of 1 0 , 0 0 0 or more in those areas where digi ta l 
computers can be used in their most efficient modes of operation. The 
appearance of the electronic computer has removed the practical com­
putational barrier . Since the early 1 9 5 0 ! s , the computers speed, 
memory capacity, and re l iabi l i ty have increased approximately tenfold 
per year. Overall, this i s a technological change greater than that 
effected in going from chemical to atomic explosions. Society cannot 
absorb such a change in th i s length of time. We have a tremendous un­
tapped backlog of potential applications of this advancement. Since com­
puting machines are now so widely available and the cost of computation 
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and machine programming is so low relative to other costs, former 
diff iculties in activating simulation models need no longer determine 
our rate of progress in understanding system dynamics (6). 
Computers are essential for massive calculations connected with 
stand and harvester simulation models. Other potential uses will un­
doubtedly affect the entire spectrum of forest management in the future 
(7). 
Simulation i s the technique of evaluating a system's performance 
through experimentation performed on a mathematical model representing 
the real world system. According to Mao ( 8 ) , the simulation study should 
s tart with the construction of a mathematical model designed to capture 
the essence of the relevant features of the real world, thereby revealing 
the functional relationships among the variables being investigated. The 
mathematical model serves as a medium of s ta t i s t i ca l experimentation. 
This usage of a mathematical model in simulation i s what distinguishes 
simulation from optimization where mathematical models are solved analy­
t ical ly rather than experimentally. I t would be ideal i f we could readily 
derive analytical solutions from a l l of our mathematical models. Un­
fortunately, this i s sometimes impossible since a problem may be so com­
plex that either i t has no analytical solution or i t has an analytical 
solution which i s too costly to derive. 
Since mathematical models in simulation studies serve as the basis 
of experimentation, the focus in their construction i s on specifying the 
interrelationships between the individual elements making up the problem 
and on describing the randomness in these elements. These mathematical 
models, when activated with actual data, enable the analyst to forecast 
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the kind of results that can be expected under actual conditions. By-
repeating the experiment many times for each alternative policy and by 
comparing outcomes, a policy can be chosen which produces the best 
simulation results ( 8 ) . 
Simulation of pulpwood harvesting machinery has recently attracted 
much attention because the forest industry is striving to reduce the cost 
of wood fiber at the mill. The place where the greatest cost reduction 
can be achieved is in cutting the tree and getting i t to the roadside in 
a form which can be readily transported to the mill (9)• 
Simulation testing has many advantages over field testing of har­
vesting equipment. The method is much faster than field testing. A tes t , 
in which a 1,000 tree forest is harvested, can be made on a computer in 
less than a minute. The effect of varying the machine size can be tested 
without the expense of modifying the machine. The machine can be tested 
in a wide range of stand conditions using data from either actual or 
hypothetical stands. All tests can be made on the same stand, thus 
eliminating the "between stand" variations. This i s not possible with 
field testing because a stand can only be harvested once; in the computer 
i t can be reharvested as many times as necessary. Using the simulation 
technique, i t i s possible to study the effect of varying one machine or 
stand characteristics while keeping the remaining characteristics 
constant. In practice, this i s seldom possible as varying one character­
i s t i c usually a l ters others. The disadvantage of simulation models with 
new designs i s the availabil ity of related data for comparison so that 
model accuracy can be determined (10). 
A forest stand model i s very valuable in providing guidance in 
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planning and managing future forests. A stand model i s a simulation 
model that can be used to describe forest growth on an individual tree 
basis. This makes i t a useful tool in forest management research for 
studying the effect that different i n i t i a l spacing and different thinning 
treatments have on subsequent stand development. Results can be obtained 
in only a few minutes of computer time; whereas in real l i fe , perhaps 
100 years would be required. The researcher can afford to take risks 
and experiment with unusual treatment because fai lure , at the worst, 
means wasting a few dollars worth of computer time (7)« 
The growth rate of a tree in a given stand and s i t e depends on i t s 
diameter, age, and the amount of competition. Diameter and age data are 
relatively easy to obtain but competition i s an imponderable factor. 
Competition i s known to be at a minimum when the tree i s open-grown and 
at a maximum when the tree i s suppressed and about to die. There i s 
probably a "zone of influence" or "occupancy" around each tree and the 
area of th i s zone can be safely assumed to be proportional to the size 
of the t ree . The situation can be stated more simply by using the D.B.H. 
to measure "size" and by assuming that the "zone" is a c irc le . The 
radius of the circle i s assumed directly proportional to the D.B.H. 
Unfortunately, the value or "competition radius factor" by which the 
D.B.H. must be multiplied i s unknown (7 ) . 
Computer simulation models can provide valuable guidance to the 
independent landowner and the paper company in determining forest planning 
and management alternatives that optimize economic (business) objectives. 
In view of the intricately complex nature of business systems, i t 
i s difficult to evaluate new management concepts or system designs. Direct 
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experimentation poses almost insurmountable problems due to disruptions, 
uncontrolled results , length of time required, and the possibility of 
costly mistakes. Computer simulation, on the other hand, has been shown 
to provide a suitable methodology to study business system behavior under 
a variety of conditions and provide a means for analysis of simultaneous 
interaction of the many system variables to yield valuable insights ( 1 1 ) . 
In i t ia l ly , computer programming problems were the major stumbling 
blocks in developing simulation models. This was caused by the require­
ment to program the model in machine language which required a detailed 
understanding of computer operations. This difficulty has been greatly 
reduced by the development of specialized compiler language. Specialized 
compiler languages are designed for specific modeling techniques. The 
compiler language converts the model equation into machine language, 
thus eliminating the need for one to understand the many details of 
machine language. 
The compiler languages used in this work are DYNAMO ( 1 2 ) and 
GPSS II ( 1 3 ) . 
The DYNAMO compiler language is readily adapted to dynamic feedback 
systems in business, economics, and engineering due to i t s abi l i ty to 
translate mathematical models into tabulated and plotted results ( 1 2 ) . 
The DYNAMO program computes instant program variables at time intervals 
which are identified by the program symbol DT. The time instant at which 
computations are made is called the K computational instant. The prior 
computational instant is identified as the J instant and the instant of 
the next computation is identified as the L instant. The time interval 
between these computational instants i s identified as the JK and KL 
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intervals (12). 
There are 3 principal types of variables in DYNAMO: levels, rates , 
and auxil iaries. A level i s a quantity calculated at the K computational 
instant and i t s value depends upon i t s value at the J computational 
instant, other variables at the J instants, and values of rates at the 
JK interval. Rates are variables that represent the changes between 
computational instants . Rates are computed at the K instant for the KL 
interval from levels and auxiliaries at the K instant, and occasionally 
from rates at the JK interval. Auxiliaries are variables that are intro­
duced to simplify the algebraic complexity of rate equations. Auxiliaries 
are computed at the K instant from levels and other auxiliaries at the K 
instant, and occasionally from rates at the JK interval, DYNAMO consists 
of approximately 10,000 instructions written in machine language, DYNAMO 
can handle simulation models with up to 1,1*00 equations (12). 
GPSS I I (General '.Purpose Systems Simulation II) compiler language 
is readily adaptable to process flow simulation. This language allows 
the user to study the logical structure and the flow of traff ic through 
the system. I t is possible to simulate the interdependence of variables 
in the system such as queue lengths, input rates, and processing time. 
Material flows are simulated by transactions and each transaction i s 
assigned definitive values. Operations on the material flow are simulated 
by fac i l i t i e s . The operating time for each faci l i ty i s based on constants, 
functions, or variables as programmed in the model. The transaction flow 
logic can be programmed to simulate the actual flow l o g i c The simulated 
time, at any point in the flow of a transaction, may be recorded as can 
also a variety of s ta t i s t i ca l data related to the simulated flow of 
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material through the simulated system. GPSS LT can simulate 1,000 
transactions processing through 200 fac i l i t i es ( 1 3 ) . 
In this work, DYNAMO compiler language i s used in a combined 
forest growth and economic simulation model; whereas GPSS II compiler 
language i s used in a harvesting machine simulation model. The 
objective of this work would be unfeasible without the use of such 
simulation models. 
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CHAPTER I I I 
HARVESTER DESIGN CRITERIA 
Fully mechanized harvesting systems have been developed in 
response to decreasing labor resources and increasing wood demands as 
well as increasing productivity requirements. The current fully mecha­
nized systems are f i r s t generation designs and lack refinement. Their 
productivity i s limited mainly due to inadequate specialization of de­
sign, insufficient automation, improper sequencing of operations, and 
excessive handling of individual trees and bolts. In general, the de­
signers of these systems concentrated too much on getting the operator 
off the ground and not enough on efficient machine design and 
uti l ization. 
Millar reports that most of the important softwood and hard­
wood species in the United States are intolerant of shade which means 
they reproduce and grow best in stands of approximately the same age. 
He also states that "if they grow best this way, they should be managed 
this way." In view of th i s , i t i s interpreted that even age geometric 
planting, as i s done in plantations, i s a desirable forest planning and 
management policy. Such planning and management policies are also 
conducive to mechanized harvesting because of the resulting uniform tree 
size and spacing. A preliminary economic analysis is conducted to 
determine optimal forest planning and management policies relative to 
planting densities and harvesting ages for forest plantations. This 
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analysis indicated that optimal policies would result in harvested tree 
D.B.H.s being less than 1 2 inches and a height less than 65 feet. This 
i s verified in Chapters VLTI and X of this work. As pointed out in Chap­
ter I I , a l l of the current fully mechanized systems are designed for max­
imum tree diameters of at least 1 6 inches. If these machines were de­
signed for optimally planned and managed forests, their current use would 
be restricted due to the limited availability of such forests. But u t i ­
lization of optimal policies should increase and the harvesting machine 
design should be specialized in accordance with these policies. As noted 
in Chapter I I , a tree with a 1 6 inch diameter weighs approximately twice 
as much as one with a 1 2 inch diameter and 1* times as much as one with a 
9 inch diameter. Machine design i s closely related to the maximum tree 
size i t must harvest. Normally, designs associated with larger trees re­
quire larger, slower, and more expensive components than designs associ­
ated with smaller trees . As a result , the machine designs related to the 
larger trees are slower and more esxpensive to operate. In view of t h i s , 
current mechanized systems are designed for tree characteristics approxi­
mately twice those resulting from optimally planned and managed forests. 
Current harvesting machines are normally designed so that the oper­
ator i s required to control most of the processes as one tree i s processed 
by the machine. I t would be more efficient ut i l izat ion of the operator 
to only require the operator to assist the machine at the beginning of 
the processing sequence with a l l subsequent operations being automated. 
The sequencing of operations of current harvesting machines re­
sults in low machine and operator uti l ization. With current designs, only 
one operation i s performed at any given time with only one tree at a time 
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being processed by the harvester. With this design, the machine 
accomplishes several operations but many components are idle while only 
the components related to the operation being performed at that specific 
time are being util ized. Increased machine productivity can be realized 
if the harvesters are designed to simultaneously perform progressive 
operations on multiple trees as individual trees are progressively pro­
cessed through each of the operations. As stated above, the operator 
should be uti l ized only to s tart each tree in th is sequence of operations. 
Some of the current fully mechanized systems have multiple machines 
harvesting trees in separate operations. This requires each tree to be 
partially processed by each machine. Each tree , or partial ly processed 
tree, requires individual handling to start the processing sequence with 
each machine. The excess handling increases harvesting cost. Other 
systems attempt to accomplish too much with a single machine by process­
ing the tree into bolts and hauling them out of the forest. When a ma­
chine is designed and used for a tree processing function and a transpor­
tation function, only a limited percentage of the machine's capability 
can be used at a given time. I t i s impossible for trees to be processed 
at the stump and hauled in the very same operation at the same time. 
Therefore, i t i s desirable for one machine to be designed to completely 
process the tree into pulpwood and accumulate the pulpwood into units 
that can be readily transported. Specialized hauling equipment can then 
be util ized to transport these units but of the forest. In view of t h i s , 
the harvesting operation in this work consists of processing trees into 
units of wood that are readily transported out of the forest and to the 
paper mill. 
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Considering the above design problems in c u r r e n t h a r v e s t i n g 
machines, a h a r v e s t e r design i s proposed i n t h i s work t o reduce or 
e l i m i n a t e t h e noted problems. The des ign u t i l i z e s e x i s t i n g components 
which a r e commercially a v a i l a b l e and have e s t a b l i s h e d performance 
c h a r a c t e r i s t i c s based on p a s t usage d a t a . In view of t h e r e s u l t s of a 
p r e l i m i n a r y s tudy , the des ign i s f o r a maximum t r e e b u t t d iameter of 1 2 
i n c h e s , a maximum weight of 1 , ^ 0 0 pounds, and an opt imal he ight of 6$ 
f e e t (5>0 foot h a r v e s t a b l e s t em) . The o p e r a t o r i s r e q u i r e d t o c o n t r o l 
t h e machine movement t o t h e t r e e s and t h e i n i t i a l o p e r a t i o n . While t h e 
o p e r a t o r i s c o n t r o l l i n g t h e f i r s t o p e r a t i o n , t h e h a r v e s t e r s imul taneous ly 
performs automatic opera t ions on m u l t i p l e t r e e s t h a t a r e being p r o g r e s s i v e ­
ly processed by t h e h a r v e s t e r . 
The h a r v e s t e r p r o c e s s e s t h e t r e e s In to 1 6 f o o t , 8 inch b o l t s which 
a r e s t o r e d i n a grapple u n t i l a 1 3 , 0 0 0 pound u n i t i s formed. When t h e 
1 3 , 0 0 0 pound u n i t i s formed, t r e e proces s ing i s i n t e r r u p t e d whi le t h e 
l oad i s depos i t ed on t h e ground as a 1 3 , 0 0 0 pound u n i t f o r t r a n s p o r t a ­
t i o n . The t r e e s a r e processed i n t o 1 6 f o o t , 8 inch b o l t s because t h i s 
l e n g t h reduces process ing and i s r e a d i l y loaded and t r a n s p o r t e d . This 
s i z e u n i t i s e f f i c i e n t l y t r a n s p o r t e d i n t h e f o r e s t and loaded on hau l 
t r u c k s . Four of t h e s e u n i t s form t h e maximum load (approximately) f o r 
e f f i c i e n t t r u c k t r a n s p o r t a t i o n ( to t h e m i l l ) on p u b l i c r o a d s . 
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CHAPTER IV 
THE HARVESTER DESIGN 
Discuss ion of t h e Harves t e r Operat ions 
The pulpwood ha rves t i ng machine des ign , proposed i n t h i s work, 
r e q u i r e s l i m i t e d ope ra to r c o n t r o l , i n c o r p o r a t e s automatic o p e r a t i o n s , 
p rov ides an e f f i c i e n t sequence of o p e r a t i o n s , minimizes i n d i v i d u a l 
handl ing of t r e e s , and u t i l i z e s e x i s t i n g machine components. A ske tch 
of t h e proposed h a r v e s t e r i s p re sen ted in F igure 1 . A block diagram of 
t h e h a r v e s t e r ope ra t ions i s p r e sen t ed i n F igu re 2 . 
The h a r v e s t e r opera t ion sequence begins with t h e ope ra to r i d e n t i ­
fying t h e t r e e t o be ha rves t ed and then guiding t h e machine, s p e c i f i c a l l y 
t h e shea r , t o t h e t r e e . When the ope ra to r has p o s i t i o n e d t h e shea r on t h e 
t r e e , he i s ready t o p repa re for the nex t t r e e . A l l subsequent o p e r a t i o n s , 
excluding t h e unloading o p e r a t i o n , a r e au tomat ic . The shear s eve r s t he 
t r e e i n two s t a g e s . The grapple i s au toma t i ca l ly p o s i t i o n e d on t h e t r e e 
r e l a t i v e t o t h e p o s i t i o n of t h e shea r . The f i r s t s t age shear ing p a r t i a l l y 
s eve r s t he stem. The second s t age shea r ing completely severs t h e stem, 
but i t i s not al lowed t o s t a r t u n t i l t h e grapple has secured t h e t r e e . 
When t h e t r e e i s severed, t h e grapple r a i s e s t he t r e e t o a w a i t i n g 
p o s i t i o n f o r del imber c l e a r a n c e . The shea r i s then a v a i l a b l e f o r t he 
o p e r a t o r t o guide i t , and t h e machine, t o t h e next t r e e . 
When t h e delimber i s c l e a r , t h e grapple p o s i t i o n s t h e t r e e i n t h e 
del imber . The delimber then delimbs t h e t r e e and the g rapp le secures t h e 
—r " " I 
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Figure 1. Proposed Harvester Sketch 
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next t r e e i n t h e shear . 
A f t e r delimbing and bucker c l e a r a n c e , t h e t r e e i s f l i p p e d i n t o the 
bucker . The del imber i s then c l e a r t o delimb t h e next t r e e . The bucker 
shears t h e t r e e i n t o t h r e e 16 f o o t , 8 inch b o l t s i f t h e t r e e i s long 
enough. I f t h e t r e e i s not 65 f e e t long, t h e top b o l t w i l l conta in some 
of t h e top t h a t i s smal ler than 3 inches . 
When bucking i s complete and t h e conveyer i s c l e a r , t h e b o l t s a r e 
f l i p p e d i n t o t h e conveyer. The bucker i s then c l e a r e d t o accept t h e next 
t r e e from t h e del imber. The conveyer d e p o s i t s t h e b o l t s in t h e s t o r a g e 
g r a p p l e . 
When t h e h y d r a u l i c suspension system senses t h a t a 13,000 pound 
load i s supported by t h e h a r v e s t e r , t h e o p e r a t o r i s a l e r t e d . The o p e r a t o r 
s tops p r o c e s s i n g a d d i t i o n a l t r e e s i n t o t h e machine and, as t h e l a s t t r e e s 
a r e processed through t h e h a r v e s t e r , he s t a r t s p o s i t i o n i n g t h e machine 
t o depos i t t h e u n i t load (approximately 13,000 pounds) . When t h e l oad 
i s depos i t ed on t h e ground, t h e o p e r a t o r and h a r v e s t e r can then s t a r t 
p r o c e s s i n g t h e next u n i t l o a d . 
Discuss ion of Machine Components 
Many of t h e components u t i l i z e d i n t h e h a r v e s t e r design a r e b r i e f l y 
d i scussed r e l a t i v e t o major as sembl i e s . 
Shear 
The shear i s used t o sever t h e t r e e from t h e stump by t h e shear ing 
a c t i o n of 2 b l a d e s . A h y d r a u l i c c y l i n d e r prov ides t h e c u t t i n g f o r c e . 
The shear i s mounted on an arm t h a t i s equipped wi th a h y d r a u l i c c y l i n d e r 




The grapple i s used to position the tree in the delimber after the 
tree has been severed from the stump by the shear. The grapple is made 
up of a grapple assembly, a tree support, and a grapple arm. The grapple 
assembly has 2 clamps that secure the tree . Each clamp i s operated by a 
hydraulic cylinder. The grapple assembly can be rotated beneath the 
grapple arm by a hydraulic cylinder. A movable tree support (operated by 
a hydraulic cylinder) i s located on the top of the grapple arm to help 
support the tree as i t i s lowered into the delimber. The grapple 
assembly and the tree support are mounted on the end of the grapple arm. 
The grapple arm i s equipped with 2 hydraulic cylinders, series mounted, 
to raise and lower the grapple arm and 1 cylinder to provide horizontal 
sluing of the arm. 
Delimber 
The delimber delimbs the tree by rotating the tree near a series 
of cutting heads. The cutting heads are operated by two hydraulic motors. 
The rotary motion of the tree i s provided by a series of chain rotating 
mechanisms that are operated by hydraulic motors. The delimber i s also 
equipped with a set of f l ips that hold the tree in the delimber during 
delimbing and discharges the tree into the bucker when the delimbing i s 
complete. These f l ips are operated, by hydraulic cylinders. 
Bucker 
The bucker i s equipped with 3 shears that cut the tree into the 
desired lengths. A hydraulic cylinder provides the cutting force for 
each of the shears. The bucker also has 3 receiving fl ips to receive and 
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hold t h e t r e e i n t h e bucker and 6 d i s c h a r g i n g f l i p s t o d i scharge t h e 
t r e e b o l t s i n t o t h e conveyer. Each of t h e s e f l i p s i s operated by a 
h y d r a u l i c c y l i n d e r . 
Conveyer 
The conveyer i s comprised of a s e r i e s of r o l l e r s t o convey t h e 
b o l t s t o t h e s t o r a g e g r a p p l e . This s e r i e s of r o l l e r s i s d iv ided i n t o 3 
s e c t i o n s . Each s e c t i o n i s operated by a h y d r a u l i c motor. The r e a r 
s e c t i o n of r o l l e r s i s l o c a t e d above t h e s t o r a g e g r a p p l e . I t can be 
t i l t e d , by a h y d r a u l i c c y l i n d e r , so t h e b o l t s w i l l f a l l i n t o t h e s t o r a g e 
grapple when t h e conveyer s ide g a t e s a r e opened. The s ide g a t e s a r e a l s o 
operated by a h y d r a u l i c c y l i n d e r . The r e a r s e c t i o n of t h e conveyer i s 
equipped wi th a shock absorbing s top (operated by a h y d r a u l i c c y l i n d e r ) 
t o s top t h e b o l t s . 
S torage Grapple 
The s t o r a g e grapple s t o r e s t h e processed t r e e s u n t i l a 13,000 
pound load i s formed. The s t o r a g e g r a p p l e suppor t s t h e load on 6 curved 
arms. Each of t h e s e arms i s operated by a h y d r a u l i c c y l i n d e r . When a 
l o a d i s formed, t h e arms a r e opened t o allow t h e l o a d t o be depos i t ed 
on t h e ground. 
H a r v e s t e r Suspension Astern 
The h a r v e s t e r i s t r a n s p o r t e d by 3 s t e e r a b l e a x l e a s s e m b l i e s . Each 
of t h e axle assembl ies i s powered by a h y d r a u l i c motor mounted on t h e 
d i f f e r e n t i a l . The h a r v e s t e r i s supported on t h e axle assembly by 6 
h y d r a u l i c c y l i n d e r s . The s t e e r i n g of t h e ax l e assembl ies i s 
accomplished by h y d r a u l i c c y l i n d e r s . 
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P o w e r P a c k a g e 
T h e h a r v e s t e r ' s p o w e r s o u r c e i s 2 d i e s e l e n g i n e s ( e a c h r a t e d a t 
2 2 0 c o n t i n u o u s h o r s e p o w e r ) . E a c h o f t h e s e e n g i n e s d r i v e s 3 h y d r a u l i c 
p u m p s . 
T h e h a r v e s t e r d e s i g n u t i l i z e s c o m p o n e n t s t h a t w e r e a v a i l a b l e a t 
t h e t i m e o f t h i s r e s e a r c h . T h e r e l a t e d c o s t a n d p e r f o r m a n c e d a t a f o r t h e 
c o m p o n e n t s w e r e o b t a i n e d f r o m t h e c o m p o n e n t d i s t r i b u t o r s i n t h e A t l a n t a 
a r e a . 
T h e t o t a l e s t i m a t e d c o s t o f t h e p r o p o s e d h a r v e s t e r , a t t h e t i m e 
o f t h i s r e s e a r c h , w a s 9 9 . 0 0 0 d o l l a r s . T h e c o s t i s s u m m a r i z e d i n 
A p p e n d i x I . 
T h e t o t a l o p e r a t i n g c o s t o f t h e h a r v e s t e r , a t t h e t i m e o f t h i s 
r e s e a r c h , w a s 3 0 d o l l a r s p e r h o u r . T h i s c o s t i s c o m p u t e d i n a c c o r d a n c e 
w i t h g u i d e l i n e s p u b l i s h e d b y T h e C a t e r p i l l a r T r a c t o r C o m p a n y 05). T h e 
o p e r a t i n g c o s t c o m p u t a t i o n s a r e p r e s e n t e d i n A p p e n d i x I . 
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CHAPTER V 
DEVELOPMENT OF HARVESTER SIMULATION MODEL 
Discussion of Harvester Simulation 
In order to economically evaluate the design of the proposed 
harvester, i t i s necessary to determine i t s processing time per tree re­
lative to tree and forest characteristics. Computer simulation i s a 
flexible and economical method for determining the proposed harvester's 
tree processing time. 
Development of a simulation model i s much cheaper than construc­
tion of a prototype (the conventional method) and a model can produce 
reasonably accurate results . A simulation model i s very flexible in that 
i t is readily changed to simulate design modifications. A simulation 
model allows experimentation with many different simulated forests while 
the prototype requires actual growing and harvesting of the forests. 
The computer simulation also produces results faster because i t simulates 
the harvesting operation in microseconds while the forest must be har­
vested with the prototype. 
In view of the above, a computer simulation model i s developed to 
simulate the harvester harvesting various forests with different tree and 
forest characteristics. Each of the operations is broken into the basic 
movements that are required to accomplish each operation. These movements 
are accomplished by hydraulic components such as hydraulic motors and 
cylinders. Since the machine design ut i l izes existing components which 
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have established performance charcteristics, the estimated time to 
accomplish each movement is readily determined. The simulation model i s 
programmed to simulate the time (in 0 , 1 second increments) required for 
each motion and the interdependence of various motions as they occur in 
the actual harvester. 
The harvester simulation model i s programmed in General Purpose 
Systems Simulator I I ( 1 3 ) computer language. This language is used be­
cause of i t s adaptability to process flow simulation. The complete 
simulation model and sample printout are contained in Appendix I I , 
A detailed flow diagram of the harvester's processing sequence i s 
presented in Figure 3 . This flow diagram i s used to explain the simula­
tion model and the related harvester operations. Each processing move­
ment, or series of movements, i s represented by a circle and a number 
that i s called a step. The sequence of steps i s represented by solid 
lines and the interdependence of simultaneous steps i s represented by 
dotted l ines . 
The following discussions of the harvester simulation subprograms 
relate each of the steps in Figure 3 to the model programming blocks of 
the computer program contained in Appendix I I . Only the programming 
blocks necessary for a basic understanding of the computer simulation 
model are discussed. 
Discussion of Harvester Simulation Model Subprograms 
Forest Generator and Model Control Subprogram 
Step 1 . Tree transactions, representing trees to be harvested, are 
generated by the simulation program in blocks 1 and 2 . Each transaction 
* 1• Detailed Flow Diagram of the Harvester Processing Sequence 
Program Termination 
Figure 1. Detailed Flow Diagram of the Harvester 
Processing Sequence (continued) 
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has eight parameters to which specific tree and forest characteristics 
are assigned. Blocks 3, U, 5U0, 5, 6, 7, 8, 9, 10, and 11 are used to 
assign tree and forest characteristics to parameters of each tree trans-
action as follows: 
(1) Parameter 1 i s assigned the tree D.B.H. in tenths of 
inches. 
(2) Parameter 2 i s assigned the tree height in feet. 
(3) Parameter 3 i s assigned the tree number. 
(U) Parameter h i s assigned the tree spacing in the row in 
tenths of feet. 
(5) Parameter 5 i s assigned the tree alignment in the row in 
tenths of feet. 
(6) Parameter 6 i s assigned the tree grade (a fata l i ty i s assigned 
a value of 3, a defective tree is assigned a value of 5, a harvestable 
tree i s assigned a value of 10). 
(7) Parameter 7 i s assigned the tree terrain classification 
(5 classes depending on ground slope). 
(8) Parameter 8 i s assigned the types of cut (clear cut i s as­
signed a value of 5 and a thinning cut i s assigned a value of 10). 
Step 2. Blocks 51 through 61 and 72 set savex values that are 
used as model controls during the simulation. Blocks 70, 7h> 71, 75, 76, 
77, 78, and 79 are used to create duplicate tree transactions that 
simulate the operations performed on the tree . Duplicate transactions 
are necessary because certain functions of different operations are con­
ducted simultaneously in coordination with each other as the tree i s 
processed through the harvester. 
ho Operator Simulation Subprogram 
Step 1A. This step provides model logic based on the value of 
parameter 6 (tree grade) of each tree transaction. Block 20 routes the 
transaction to step 2A if the tree is a fata l i ty or to step 3A if the tree 
is a defective tree or a harvestable tree . 
Step 2A. This step simulates the operator processing a fa ta l i ty 
which actually does not require any time. Blocks 31 , 32, 33, and 3U re ­
cord the same clock time in savexes 101, 102, 103, and 10U so that 0 oper­
ating time is shown in the simulation printout. A fata l i ty i s identified 
in the printout by 0 operating time. The model i s programmed so that the 
operator s tarts processing the next tree after the fata l i ty so that the 
time required for the machine to move pass the fata l i ty is recorded as the 
processing time on the next t ree . 
Step 3A. Block 21 records clock time in savex 101. Blocks 8 6 
and 8 7 simulate the time required by the operator to identify the next 
tree , estimate the D.B.H., and set the shear opening range. 
Step 1|A. Block 88 simulates the time required for the operator to 
determine if the tree i s a harvestable tree or a defective tree . This 
block also routes the transaction to step $k if the tree i s a defective 
tree that must be cut out of the way or to step 6A if the tree i s a 
harvestable tree . 
Step 5>A. Block 91 sets savex 106 equal to 1111 so that defective 
trees are identified in the printoiit data. 
Step 6A. Block 8 9 sets savex 106 equal to 0 so that harvestable 
trees are identified in the printout data. Block 22 simulates the time 
for the operator to determine the terrain classification and program the 
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grapple for the terrain slope. 
Step 7A. Block 23 records clock time in savex 102. Relative to 
the value of parameter 8, block 2h routes the transaction to step 8A if 
a thinning operation is required or to step 9A if a clear-cutting opera­
tion i s required. 
Step 8A. Blocks 92, 93, and 9U simulate the operator, in conjunc­
tion with the shear (blocks 1U2, 1U3, and 1UU of step I|B), determining 
and accomplishing the slue of the shear to a neutral position so that 
the harvester can move to the next tree to be removed in a thinning 
operation. 
Step 9A. Block 95 holds the operator and block 1U6 of step 5B 
holds the shear for mutual availabil ity. Block 25 records the clock time 
in savex 103. Blocks 96, 97, and 98 simulate the operator in coordination 
with the shear (blocks 151, 152, 153, 15U, 155, and 156 of step 10B) as 
he is determining and accomplishing, i f necessary, a back up in order to 
provide clearance for the shear to slue to the tree . Blocks 99, 100, and 
101 simulate the operator in coordination with the shear (blocks 157, 158, 
159, 160, and 161 of step 10B) as he i s determining and accomplishing, if 
necessary, the i n i t i a l forward advance to position the machine so that 
the tree will be near the shear when the shear i s slued into alignment 
with the tree. Blocks 102 and 103 simulate the operator, in coordination 
with the shear (blocks 162, 163, 16U, and 165 of step 10B) as he i s con­
troll ing the slue of the shear into alignment with the tree . Block 10U 
holds the operator simulation unti l the shear has completed the slue to 
the tree (block 167 of step 11B). 
Step 10A. Block 105 simulates the operator preparing for the final 
1*2 
advance. Block 1 0 6 holds the shear (block 1 6 8 of step 12B) unti l the 
operator is prepared for the final advance. If the new tree is within 
2.5 feet alignment of the shear's neutral position during the final ad­
vance, the new tree could interfere with the previous tree that i s being 
processed through steps QC to 13C by the grapple. In the event of possi­
ble interference, the operator and shear simulations are not allowed to 
pass block k0 of step 1 3 B until the grapple has passed step 1 3 C which i s 
indicated by the value of savex 3 0 . 
Block 1 0 7 simulates the operator in conjunction with the shear 
(blocks 1 6 9 , 1 7 0 , 1 7 1 , 1 7 2 of step 114.B) as he i s accomplishing the final 
forward advance of the harvester to position the shear on the tree . Block 
26 records the clock time. 
Step 1 1 A. Blocks 2 7 , 2 8 , and 2 9 compute operating times for the 
operator. Block 3 0 prints out operator processing data in savexes 1 0 0 
to 1 0 9 as followst 
( 1 ) Savex 1 0 0 records the tree number. 
( 2 ) Savex 1 0 1 records the time the operator s tarts processing 
the tree. 
( 3 ) Savex 1 0 2 records the time the operator s tar t s waiting on 
the shear. 
(U) Savex 103 records the time when the shear is available to 
the operator. 
(5) Savex IOU records the time when the operator completes pro­
cessing of the tree . 
(6) Savex 105 records the actual operating time of the operator. 
( 7 ) Savex 1 0 6 identifies defective trees by a value of 1 1 1 1 , 
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harvestable trees by a value of 0 , and fa ta l i t i e s by a value of 1 . 
( 8 ) Savex 1 0 7 i s not used to record data, 
( 9 ) Savex 1 0 8 records the time the operator waits on shear 
availability. 
( 1 0 ) Savex 1 0 9 records the total time required by the operator to 
process the tree . 
After printing the above information, the operator simulation i s 
released by block 1 0 8 to simulate processing of the next t ree . 
Shear Simulation Subprogram 
Step 1B. This step is for simulation model logic relative to tree 
grade identified in parameter 6 . Block 3 5 routes the transaction to 
step 2B if the tree is a fa ta l i ty or to step 3B if the tree is a defective 
tree or a harvestable tree . 
Step 2B. This step simulates the shear processing a fa ta l i ty which 
actually does not require operating time. Blocks 1 1 1 , 1 1 2 , 1 1 3 , 1 1 U , 1 1 5 , 
1 1 6 , 1 1 7 , 1 1 8 , 119, and 1 * 6 record the same clock time in savexes 1 1 1 , 1 1 2 , 
1 1 3 , 1 1 1 * , 1 1 6 , 1 1 7 , 1 1 8 , 1 2 0 , 1 2 2 , and 1 2 3 . A fa ta l i ty can be identified 
in the printout by the same clock time in these savexes and 0 shear operat­
ing time. The model is programmed so that the time required for the shear 
and harvester to move past the tree fa ta l i ty is recorded as processing 
time for the next tree . 
Step 3B. Block 3 6 records simulation clock time in savex 1 1 1 and 
provides model logic relative to the type of cutting operation identified 
in parameter 8 . If a thinning cut i s being performed, the transaction i s 
routed to step 1*B or if clear cutting is being performed, the transaction 
i s routed to step 5B. 
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Step l*B. Blocks 1UO and 11*1 compute shear slue distance to the 
neutral position. Blocks 11+2, 1 *U.3, and 11*1* in conjunction with blocks 
92, 93, and 9k of step 8A simulate the shear being controlled by the 
operator and sluing to the neutral position. Block 11+5 records the shear 
position in savex 11. 
Step f?B. Block 11*6 holds the operator (block 95 of step 9A) unt i l 
the shear has completed the slue to the neutral position if a thinning 
operation i s being performed. If clear cutting is being performed, block 
1 U 6 holds the shear and the operator (block 95 of step 9A) for mutual 
availabil ity. Block 37 records the clock time in savex 112. The next 
steps (6B, 10B, and 8B or 9B) are conducted simultaneously. 
Step 6 B * Block 11*9 simulates the shear opening time. 
Step 7B* Block 197 provides model logic relative to tree grade 
identified in parameter 6. If the tree i s a defective tree , the trans­
action i s routed to step 8B. If the tree i s a harvestable t ree , the 
transaction i s routed to step 9B. 
Step 8B. Block 38 sets savex 121 equal to 1111 so that defective 
trees are identified in the printout. 
Step 9B. Block 39 sets savex 121 equal to 0 so that harvestable 
trees are identified in the printout. Block 150 simulates the time 
required for the harvester to automatically set the shear terrain stop. 
Step 10B. Blocks 151, 152, 1£3, 152*, and 156 in conjunction with 
the operator (blocks 96, 97* and 98 of step 9A) simulate the time required 
to determine and accomplish, if necessary, a back up to provide clearance 
for the slue of the shear to the t r e e . Block 155 records the harvester 
position in savex 10. Blocks 157* 158, 159, and 161 in conjunction with 
t h e o p e r a t o r ( b l o c k s 9 9 , 1 0 0 , a n d 1 0 1 o f s t e p 9 A ) s i m u l a t e t h e t i m e 
r e q u i r e d t o d e t e r m i n e a n d a c c o m p l i s h , i f n e c e s s a r y , t h e i n i t i a l f o r w a r d 
a d v a n c e t o p o s i t i o n t h e m a c h i n e a n d s h e a r s o t h a t t h e t r e e w i l l b e n e a r 
t h e s h e a r w h e n t h e s h e a r i s s l u e d i n t o a l i g n m e n t w i t h t h e t r e e . B l o c k 1 6 0 
r e c o r d s t h e h a r v e s t e r p o s i t i o n i n s a v e x 1 0 . B l o c k s 1 6 2 , 1 6 3 , 16U, a n d 165 
i n c o n j u n c t i o n w i t h t h e o p e r a t o r ( b l o c k s 1 0 2 a n d 1 0 3 o f s t e p 9 A ) s i m u l a t e 
t h e t i m e f o r t h e s l u e o f t h e s h e a r i n t o a l i g n m e n t w i t h t h e t r e e . 
S t e p 1 1 B . B l o c k 166 h o l d s t h e s h e a r u n t i l s t e p s 6 B , 1 0 B , a n d 8 B 
o r 9 B a r e a c c o m p l i s h e d . B l o c k 198 s e t s s a v e x 2 0 e q u a l t o 1 0 t o p r o v i d e 
c l e a r a n c e ( b l o c k 235 o f s t e p 1 C ) f o r g r a p p l e s l u e t o t h e t r e e . B l o c k 
167 h o l d s t h e o p e r a t o r ( b l o c k I0I4 o f s t e p 9 A ) u n t i l t h e s h e a r h a s c o m p l e t e d 
t h e s l u e t o t h e t r e e . 
S t e p 1 2 B . B l o c k 168 h o l d s t h e s h e a r u n t i l t h e o p e r a t o r ( b l o c k 106 
o f s t e p 1 0 A ) i s p r e p a r e d f o r t h e f i n a l f o r w a r d a d v a n c e t o p o s i t i o n t h e 
s h e a r o n t h e t r e e . B l o c k 168 a l s o p r o v i d e s m o d e l l o g i c . I f t h e n e w t r e e 
i s w i t h i n 2 .5 f e e t a l i g n m e n t o f t h e s h e a r ' s n e u t r a l p o s i t i o n d u r i n g t h e 
f i n a l a d v a n c e , t h e n e w t r e e c o u l d i n t e r f e r e w i t h t h e p r e v i o u s t r e e i n t h e 
g r a p p l e t h a t i s p r o c e s s i n g t h r o u g h s t e p s 9 C t o 1 3 C . I f t h e n e w t r e e i s 
i n t h i s i n t e r f e r e n c e z o n e , b l o c k 1!68 r o u t e s t h e t r a n s a c t i o n t o s t e p 1 3 B 
t o h o l d t h e f i n a l a d v a n c e u n t i l t h e r e i s n o d a n g e r o f i n t e r f e r e n c e . I f 
t h e n e w t r e e i s n o t i n t h e i n t e r f e r e n c e z o n e , b l o c k 168 r o u t e s t h e 
t r a n s a c t i o n t o s t e p 1 l . B . 
S t e p 1 3 B . B l o c k 196 r e c o r d s t h e c l o c k t i m e i n s a v e x 1 1 3 . B l o c k 
U O h o l d s t h e f i n a l a d v a n c e o f t h e s h e a r a n d h a r v e s t e r u n t i l t h e g r a p p l e 
c o m p l e t e s s t e p s 90 t h r o u g h 1 3 C ( i n d i c a t e d b y v a l u e o f s a v e x 3 0 ) w i t h t h e 
p r e v i o u s t r e e . B l o c k 1.1 r e c o r d s t h e c l o c k t i m e i n s a v e x 11U. 
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Step 1l+B. Blocks 1 6 9 , 170, and 172 in conjunction with the 
operator (block 107 of step 10A) simulate the final forward advance of 
the shear and harvester to position the shear on the tree . Block 171 
records the harvester's position in savex 10. The shear has a sensor 
(shear terrain stop) that automatically stops the machine when the tree 
hi ts i t . Block 172 releases the operator (block 107 of step 10A) to 
s tart processing the next tree . 
Step 1j?B. Block 173 simulates the time required for the shear to 
automatically lower to the ground. Block 173 also provides model logic 
relative to tree grade identified by parameter 6 of the transaction. The 
t r a n s a c t i o n i s r o u t e d to step 16B if the tree is a defective tree or to 
step 17B if the tree i s a harvestable tree . 
Step 16B. Block 17*U simulates the time to shear the defective tree 
and block 1 7 5 simulates the time for the defective tree to fa l l to the 
ground. Block 1 7 6 records the shear position in savex 1 1 for model 
reference. 
Step 1 7 B . Block 200 simulates the time for the shear to accom­
plish phase 1 shearing which is the part ia l severing of the tree stem. 
Block hZ records clock time in savex 116. 
Step 1 8 B . Block 201 holds phase 2 shearing unti l the grapple i s 
ready to grasp the tree (block 2h6 of step i*C). 
Step 1 9 B . Block h3 records clock time in savex 116. Block 199 
sets savex 20 equal to 5 to hold the grapple slue to the tree (block 2 3 5 
of step 1C) for the next tree unti l the shear completes the slue to the 
tree . Block 202 simulates the time to accomplish phase 2 shearing to 
sever the tree stem. Block 203 holds the grapple (block 2i*8 of step 5 c ) 
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until the tree is severed. Block 1*1* records clock time in savex 120. 
Step 2OB. Block 20l* holds the raising of the shear unti l the 
grapple raises the tree to the slue position (block 255 of step 8 c ) . 
Block 1*5 records the clock time in savex 122. Block 205 simulates the 
time to raise the shear. Block 206 records the shear position in savex 
11 for model reference. Block 1*6 records the clock time in savex 123 . 
Step 21B. Blocks 1*7, 1*8, and 1*9 compute time operating data for 
the shear. Block 110 prints out shear processing data in savexes 110 to 
121* as follows: 
(1) Savex 110 records the tree number. 
(2) Savex 111 records the time when the shear starts to slue to 
the neutral position. 
(3) Savex 112 records the time the shear completes the slue to 
the neutral position. 
( 1 * ) Savex 113 records the time the shear s tarts to wait for 
grapple clearance if the new tree is within 2.5 feet of alignment with 
the neutral position. 
(5) Savex 111* records the time the shear receives clearance from 
the grapple. 
(6) Savex 115 records the actual operating time of the shear. 
(7) Savex 1 1 6 records the time when phase 1 shearing is complete. 
( 8 ) Savex 117 records the time when clearance i s given for the 
phase 2 shearing. 
(9) Savex 1 1 8 records the time the shear waits on the operator 
and grapple availability. 
(10) Savex 119 records the to ta l time required for the shear to 
1*8 
process the tree . 
(11) Savex 120 records the time when phase 2 shearing i s complete. 
(12) Savex 121 identifies defective trees by a value of 1111 and 
harvestable trees by a value of 0 . A fa ta l i ty has a 0 or 1111 value in 
this savex, but i t i s identified by a value of 0 for a l l operating times 
or the same clock times in savexes 111, 112, 113, 111*, 116, 117, 118, 120, 
122, and 123. 
(13) Savex 122 records the time the shear i s given clearance to 
raise . 
(11*) Savex 123 records the time the raising of the shear i s complete 
(15) Savex 12U i s not used to record data. 
After printing the above information, the shear simulation i s re ­
leased by block 210 to simulate processing of the next tree . 
Grapple Simulation Subprogram 
Step 1C. Block 1*61 records the clock time in savex 131 • Block 
235 holds the grapple slue to the tree unti l the shear has slued to the 
tree (block 198 of step 11B). The grapple i s released when savex 20 i s 
set equal to 10 by block 198. Block 1*62 records clock time in savex 132. 
Blocks 238, 239, and 2l*0 simulate the time for the grapple to slue to the 
tree . Block 21*1 simulates the time to unfold the grapple assembly 6 0 
degrees from under the grapple arm. The next steps (2C and 3C) are per­
formed simultaneously. 
Step 20. Block 2i*3 simulates the time to unfold the grapple 
assembly the remaining 3 0 degrees so that i t is perpendicular to the 
grapple arm. 
Step 3 C Block 2l*l* simulates the time to lower the grapple arm 
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from the slue position to a position to grasp the tree . 
Step UC Block U63 records the clock time in savex 133. Block 
?U6 holds the phase 2 shearing (block 2 0 1 of step 18B) unti l the grapple 
is positioned to grasp the tree . Block I46I4 records the clock time in 
savex 13U. 
Step f>C. Block 2I4.7 simulates the time for the grapple to close 
on the tree . Block 2U8 holds the grapple unti l the phase 2 shearing 
(block 203 of step 1 9 B ) i s complete and severs the stem. Block 2U9 
simulates the time to raise the grapple and the tree through 10 degrees 
of the grapple arm. The next steps (6C, 7C, and 8C) are simultaneously 
performed• 
Step 6C. Block 2F>3 simulates the time required to position the 
tree support on the top of the grapple in order to help support the tree . 
Step 7C« Block 2£2 simulates the time required to rotate the tree 
and grapple assembly up 1£ degrees. This rotation is necessary to posi­
tion the tree so that i t will not interfere with the previous tree that 
is being processed by the delimber. 
Step 8C. Block 25>U simulates the time to raise the grapple arm 
20 degrees to the slue position. Block 2̂ 5 holds the raising of the 
shear (block 20ii of step 20B) until the grapple arm is raised to the 
slue position. 
Step 9C Block 2F>7 sets savex 30 equal to 3> to hold the final 
advance of the shear (block J4O of step 13B) to avoid interference with 
the next tree if i t i s located within 2,5 feet of the shear's neutral 
position. Block 2J>8 simulates the time to slue the tree and the grapple 
to the center slue position where i t waits for clearance to go to the 
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delimber holding position. Block 1+65 records clock time in savex 1 3 6 . 
Step 10C. Block 2 6 0 holds the grapple in the center slue position 
for the delimber clearance (block 3 1 5 of step 3D) to go to the delimber 
holding position. The grapple cannot go to the delimber holding position 
while the previous tree is processed through steps 1D to 3D because the 
trees will interfere with each other. The delimber holds the grapple at 
block 2 6 0 by setting savex 35 equal to 5 at block 30 l+ in step 1 D . Block 
1+66 records the clock time in savex 1 3 7 * The next steps (11C and 12C) 
are simultaneously performed. 
Step 11C. Block 262 simulates the time required to rotate the 
grapple assembly and tree support 15 degrees so that the tree is 90 de­
grees to the grapple arm. 
Step 12C. Block 2 6 3 simulates the time to rotate the grapple arm 
3 0 degrees to the delimber holding position. 
Step 13C« Block 2 6 5 sets savex 3 0 equal to 1 0 to release the 
shear for the final advance for the next tree (block 1+0 of step 13B). 
Block I+67 records the clock time in savex 1l+0. Block 2 6 6 holds the 
grapple in the delimber holding position unti l the delimber i s clear to 
receive the tree (block 3 0 2 of step 1 D ) . Block 1+68 records clock time 
in savex 1 1 * 2 . 
Step 11+C. Block 2 6 7 simulates the time to rotate the grapple arm 
down 3 0 degrees and lower the tree into the delimber. Block 2 6 8 simulates 
the time to open the grapple. Block 2 6 9 holds the delimber receiver 
(block 3 0 3 of step 1 D ) unti l the grapple i s opened. Block 2 7 0 holds the 
grapple for the delimber receiver to raise the tree off the grapple 
(block 3 0 6 of step 1 D ) . The next steps (15C, 1 6 C , 17C, and 1 8 C ) are 
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conducted simultaneously. 
StejDjJpC. Block 272 simulates the time to lower the grapple arm 
30 degrees to the delimber holding position. 
Step 16C. Block 21h simulates the time to fold the tree support 
back on the grapple arm. 
Step 17C Block 276 simulates the time to lower the grapple arm 
30 degrees to the center slue position. 
Step 18C. Block 2 7 5 simulates the time to fold the grapple 
assembly 9 0 degrees under the grapple arm. 
Step 1 9 0 * Block 2 7 8 holds the lowering of the delimber receiver 
(block 307 of step 2D) until the grapple has been lowered out of the way 
of the tree . Block U 6 9 records the clock time in savex 1 a 3 . 
Step 20C. Blocks U70, 1 * 7 1 , and 1 *72 compute operating data for the 
grapple. ELock U 7 3 prints out grapple processing data in savexes 1 3 0 to 
ihk as follows: 
( 1 ) Savex 1 3 0 records the tree number. 
(2) Savex 1 3 1 records the time when the grapple i s ready to slue 
to the tree . 
( 3 ) Savex 1 3 2 records the time when the grapple receives clear­
ance to slue to the tree . 
(h) Savex 1 3 3 records the time when the grapple is in position 
for the phase 2 shearing to s t a r t . 
( 5 ) Savex 1 3 a records the time when phase 2 shearing s t a r t s . 
( 6 ) Savex 1 3 5 records the actual operating time of the grapple. 
( 7 ) Savex 1 3 6 records the time the grapple s tarts waiting for 
clearance to go to the delimber holding position. 
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(8) Savex 137 records the time the grapple receives clearance 
to go to the delimber holding position. 
(9) Savex 138 records the total time the grapple waits on the 
shear and delimber. 
(10) Savex 139 records the total time required for the grapple to 
process the tree . 
(11) Savex 1l|0 records the time when the grapple s tarts waiting 
in the delimber holding position. 
(12) Savex 1l+1 i s not used to record data. 
(13) Savex 11+2 records the time when the grapple receives delimber 
clearance to receive the tree . 
(11+) Savex 1U3 records the time when the grapple completes the 
processing of the tree . 
(15) Savex 11+I+ is not used to record data. 
After printing the above information, the grapple simulation i s 
released by block 282 to simulate processing of the next tree . 
Delimber Simulation Subprogram 
Step 1D. Block 1+81 records the clock time in savex 151 • Block 
302 holds the delimber and block 266 of step 13C holds the grapple for 
mutual availabil i ty. Block 1+82 records the clock time in savex 152. 
Block 303 holds the delimber receiver unti l the grapple has opened (block 
269 of step 1 l+C). Block 30l+ sets savex 35 equal to 5 to hold the grapple 
at the center slue position (block 260 of step 10C) when i t processes the 
next tree to avoid interference with this tree . Block 305 simulates the 
time for the delimber receiver to l i f t the tree clear of the grapple. 
Block 306 holds the grapple (block 270 of step 1l+C) unti l the receiver 
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l i f t s the tree clear of the grapple. 
Step 2D. HLock 307 holds the delimber receiver unti l the grapple 
(block 278 of step 1 9 C ) i s lowered out of the way. Block 308 simulates 
the time for the delimber receiver to lower the tree into the delimber. 
Block 3 0 9 simulates the time for closing the delimber tree retaining 
arms. Block 3 1 0 simulates the time for the delimber to rotate the tree 
against the delimbing cutters to remove the limbs. HLock 3 1 1 simulates 
the time for the tree retaining arms to open. Block 1+83 records the 
clock time in savex 153• 
Step 3 D * Block 3 1 2 holds the delimber and block 3 6 7 of step 13E 
holds the bucker for mutual availabil ity to f l ip the tree from the de­
limber into the bucker. Block 1+81+ records the clock time in savex 15U. 
Block 31h simulates the time for the delimber discharge flips to f l ip the 
tree into the bucker. Block 315 sets savex 35 equal to 10 to allow the 
grapple (block 260 of step 10C) to move from the center slue position to 
the delimber holding position. Block 3 1 6 holds the bucker receiving 
flips (block 368 of step 13E) unti l the delimber discharging fl ips have 
discharged the tree . Block 317 holds the delimber discharge fl ips unti l 
the bucker receiving flips receive the tree (block 371 of step 11+E). 
Block 318 simulates the time to return the bucker discharge f l ips . Block 
1+85 records the clock time in savex 156. 
Step U P . Blocks 1+86, 1+87, and 1+88 compute operating data for the 
delimber. Block 1+89 prints out the delimber processing data in savexes 
150 to 159 as follows. 
(1) Savex 150 records the tree number. 
(2) Savex 151 records the time when the delimber i s ready to 
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receive another tree . 
(3) Savex 152 records the time when the grapple s tar t s lowering 
the tree into the delimber. 
( U ) Savex 153 records the time when the delimber s tarts waiting 
for the bucker clearance. 
(5) Savex 15U records the time when the delimber s tar t s dis­
charging the tree into the bucker. 
(6) Savex 155 records the actual operating time of the delimber. 
(7) Savex 156 records the time the delimber completes processing 
of the tree . 
(8) Savex 157 i s not used to record data. 
(9) Savex 158 records the time the delimber waits on the grapple 
and bucker. 
(10) Savex 159 records the total time required for the delimber to 
process the tree . 
After printing the above information, the delimber simulation i s 
released by block 319 to simulate processing of the next t ree . 
Bucker Simulation Subprogram 
Step 1E. Blocks 31|2 through 3h9 assign s a vexes 1*1 through 1*8 the 
value of parameters 1 through 8 for the tree transaction. This i s 
necessary because parameters will be changed for programming purposes in 
this subprogram. Block 350 assigns parameter 2 logic values for pro­
gramming logic. If the tree height i s 65 to 80 feet, a value of 10 is 
assigned parameter 2. If the tree height is not 65 to 80 feet, a value 
of 0 i s assigned parameter 2. Trees 65 to 80 feet high require the rear 
shear and the rear set of bucker discharge flips to be turned down. 
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This is necessary so the tree top and top bolt are flipped on the ground. 
The harvester can process only 50 feet of a tree . Trees over 65 feet 
normally have a merchantable length over 50 feet. The harvester cannot 
process the short tops on 65 to 80 foot trees , but i t can process the 
remaining merchantable wood in the top if the las t bolt i s l e f t on the 
top. In view of this , the harvester i s normally recycled to process the 
top bolt and the remaining wood in the top. For trees not 65 to 80 feet 
long, the rear shear and rear set of discharge f l ips are turned up so the 
top bolt i s flipped into the conveyer and the top fal ls on the ground. 
Blocks 351, 500, and 352 assign parameter 3 logic values to provide model 
logic that determines if the rear shear and fl ips are changed for th i s 
tree . The parameter 2 value for the previous tree is recorded in savex 
50. The parameter 2 value of th is tree i s compared to that of the pre­
vious t ree . If a change i s required for this tree , parameter 3 i s as­
signed a value of 10 and i f no change is required, parameter 3 i s as­
signed a value of 0. Block 501 records the clock time in savex 161. The 
next steps (2E, 3E, 1+E, and 6E) are conducted simultaneously. 
Step 2E. Block 36k simulates the time to return a l l discharging 
f l ips except the rear bucker discharging f l ips. 
Step 3E. Block 366 simulates the time to position the bucker 
shears to allow for expansion during the simultaneous shearing action. 
Step 1|E. Block i+10 provides model logic based on the value as­
signed parameter 3 in step 1E. If repositioning of the rear shear i s 
required (parameter 3 equals 10), the transaction i s routed to step 5E. 
If no change i s required (parameter 3 equals 0), the transaction i s 
routed directly to step 13E. 
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Step 5 E . HLock 363 simulates the time to reposition the rear 
shear up or down* 
Step 6E. Block 1*09 provides model l og ic based on the value as ­
signed parameter 3 in step 1E. The transaction i s routed to step 7E i f 
repositioning of the rear set of discharging f l i p s i s not required 
(parameter 3 equals 0) . The transaction i s routed to step 10E i f r e ­
positioning of the rear set of discharging f l i p s i s required (parameter 
3 equals 10), 
Step 7E* Block 356 provides model log ic based on the value as ­
signed parameter 2 in step 1E. I f the tree i s 65 to 80 f ee t high (para­
meter 2 equals 10), the transaction i s routed to step 8E. I f the tree 
i s not 65 to 80 fee t high (parameter 2 equals 0 ) , the transaction i s 
routed to step 9E. 
Step 8E* Block 357 simulates the time to return the rear se t of 
bucker receiving f l i p s* 
Step 9E» Block 358 simulates the time to return the rear se t 
of bucker discharging f l ips* 
Step 10E* Block 359 provides model l o g i c based on the value a s ­
signed parameter 2 in step 1E. I f the tree i s 65 to 80 f ee t high (para­
meter 2 equals 10), the transaction i s routed to step 11E* I f the t ree 
i s not 65 to 80 fee t high (parameter 2 equals 0 ) , the transaction i s 
routed to step 12E* 
Step 11E* HLock 360 simulates the time to return the bucker rear 
set of discharge f l i p s* Block 361 simulates the time to rotate the rear 
set of discharge f l i p s down* 
Step 12E* Block 362 simulates the time to return the rear 
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receiving fl ips and rotate the bucker discharge fl ips up. 
Step 1 3 E » HLock 502 records clock time in savex 162. Block 367 
holds the bucker and block 312 of step 3 D holds the delimber discharge of 
the tree for mutual availabil i ty. Block 503 records the clock time in 
savex 163. Block 368 holds the bucker receiving f l ips for the delimber 
discharging f l ips to discharge the tree (block 316 of step 3 D ) . Block 
369 simulates the time for the bucker receiving fl ips to f l ip the tree 
into the bucker. 
Step II4E. HLock 3 7 1 holds the return of the delimber discharge 
fl ips (block 3 1 7 of step 3 D ) for the bucker receiving flips to receive 
the tree . Block 3 7 2 simulates the time for the shears to shear the tree 
into bolts . The next steps (15E and 1 6 E ) are performed simultaneously. 
Step 15E. HLock 3 7 u simulates the time required to open the shears. 
Step 1 6 E . HLock 375 simulates the time to return the bucker 
receiving f l ips . 
Step 1 7 E » HLock 501+ records the clock time in savex 16U. HLock 
3 7 7 holds the bucker discharge fl ips for the conveyer clearance (block 
531 of step 7 F ) when i t completes processing the previous t r e e . Conveyer 
clearance i s indicated by savex 180 being assigned a value of 0 at block 
531 of step 7F as the previous tree i s processed through the conveyer. 
Block 505 records the clock time in savex 166. The next steps ( 1 8 E and 
19E) are simultaneously performed. 
Step 18E. Block 380 simulates the time to flip the front and 
middle bolts into the conveyer. 
Step 1 9E. Block I4II provides model logic based on the values 
assigned parameter 2 in step 1E. If the tree i s not 65 to 80 feet high 
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(parameter 2 equals 0), the transaction is routed to step 20E. If the 
tree is 65 to 80 feet high (parameter 2 equals 10), the transaction i s 
routed to step 21E. 
Step 20E. Block 379 simulates the time for the rear set of dis­
charge flips to f l ip the rear tree bolt into the conveyer. 
Step 21E. Block 381 simulates the time for the rear receiving 
f l ips to f l ip the rear bolt and tree top on the ground. 
Step 22E, Block 383 assigns savex 50 the value of parameter 2 for 
reference in step 1E for the next tree when the logic value of parameter 
3 i s computed. Block 398, 399, 1*00, U01, U02, and 1*03 reassign original 
values to parameters 1, 2, 3, 6, 7, and 8. Block 506 records the clock 
time in savex 5o6. Blocks 507, 509> and 510 compute operating data for 
the bucker. Block 511 prints out the bucker processing data in savexes 
160 to 169 as follows: 
(1) Savex 160 records the tree number. 
(2) Savex 161 records the time when the bucker s tar t s preparing 
to process the next t ree . 
(3) Savex 162 records the time when the bucker s tar t s waiting on 
the delimber. 
(1+) Savex 163 records the time when the delimber s tar t s dis­
charging the tree into the bucker. 
(5) Savex 161* records the time when the bucker s tarts waiting 
on the conveyer. 
(6) Savex 165 records the actual operating time of the bucker. 
(7) Savex 166 records the time when the bucker s tarts flipping 
the bolts into the conveyer. 
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(8) Savex 167 records the time when the bucker completes the 
processing of the tree . 
(9) Savex 168 records the time the bucker waits on the delimber 
and conveyer. 
(10) Savex 169 records the total time required for the bucker to 
process the tree . 
After printing the above information, the bucker simulation is 
released by block 1*16 to simulate processing of the next tree . 
Conveyer Simulation Subprogram 
Step 1F. Block 532 sets savex 180 equal to 10 so that the bucker 
cannot discharge the next tree into the conveyer while this tree is being 
processed. Block 526 records the clock time in savex 171. The next steps 
(2F, 3F, 1*F, 5F, and 6F) are performed simultaneously. 
Step 2F. Block 1*28 simulates the time to convey the top bolt to 
the conveyer stop and block 1*29 simulates the time to stop the bolt . 
Block 1*30 simulates the time to open the conveyer side gate. The rear 
section of the conveyer (section above the storage grapple) is t i l ted to 
the side so the bolts will fa l l off the conveyer when the side gate i s 
opened. HLock 1*31 simulates the time for the bolt to fa l l out of the 
conveyer and block 1*32 simulates the time to close the conveyer side gate. 
Step 3 F . HLock 1*33 delays conveying of the middle bolt to provide 
the top bolt conveyer clearance. 
Step 1*F. Block l*3l* simulates the time to convey the middle bolt 
to the stop and block 1*35 simulates the time to stop the bolt . Block 
1*36 simulates the time to open the conveyer side gate and block 1*37 
simulates the time for the middle bolt to fa l l out of the conveyer. 
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Block 1 * 3 8 simulates the time to close the conveyer side gate. 
Step 5 F . Block 1 * 3 9 delays conveying of the bottom bolt for the 
middle bolt conveyer clearance. 
Step 6F. Block 1*1*0 simulates the time to convey the bottom bolt 
to the conveyer stop and block 1*1*1 simulates the time to stop the bottom 
bolt . Block 14*2 simulates the time to open the conveyer side gate and 
block 1*1*3 simulates the time for the bottom bolt to fa l l out of the 
conveyer. Block 1*1*1* simulates the! time to close the conveyer side gate. 
Step 7F. Block 5 3 1 sets savex 180 equal to 0 to provide the 
conveyer clearance for the bucker (block 3 7 7 of step 17E) to s tar t 
flipping bolts into the conveyer. Block 1*1*6 simulates the time to t i l t 
the conveyer rotatable section (section above the storage grapple) to the 
other side so as to provide even loading of the storage grapple. Block 
5 2 7 records the clock time in savex 172. 
Step 8 F . Blocks 5 2 8 and 5 2 9 compute the operating data for the 
conveyer. Block 5 3 0 prints out the conveyer processing data in savexes 
170 to 179 as follows: 
( 1 ) Savex 170 records the tree number. 
( 2 ) Savex 1 7 1 records the time when the conveyer s tar t s processing 
the tree . 
(3) Savex 172 records the time when the conveyer completes 
processing the t ree . 
(1*) Savex 1 7 3 i s not used to record data. 
(5) Savex 171* i s not used to record data. 
(6) Savex 1 7 5 records the actual operating time of the conveyer. 
(7) Savex 176 i s not used to record data. 
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( 8 ) Savex 1 7 7 i s not used to record data. 
( 9 ) Savex 1 7 8 i s not used to record data. 
( 1 0 ) Savex 1 7 9 records the tota l time required for the conveyer 
to process the tree . 
After printing the above information, the conveyer simulation i s 
released by block Uf>0 to simulate processing of the next t ree . 
Program Termination 
The simulation model i s designed to process 1 0 f > trees through 
block 7 6 and then run for an additional 1 , 8 0 0 simulation time units 
( 1 8 0 seconds) before terminating the simulation. HLocks h$2y h$3, USh, 
and 1 + 5 5 provide model termination control. 
The purpose of this model i s to determine the basic processing 
time per tree relative to tree and forest characteristics. The basic 
processing time i s used by the economical model to compute the time 
required to process a grapple load for the specific tree and forest 
characteristics being considered by the economic model. The economic 
model determines the unloading time. The economic model then determines 
the total harvester time per load from the sum of the unloading time and 
the load processing time. 
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C H A P T E R V T 
H A R V E S T E R S I M U L A T I O N M O D E L E X P E R I M E N T A T I O N A N D R E S U L T S 
A s i m u l a t e d s m a l l s a m p l e f o r e s t o f 100 t r e e s i s d e v e l o p e d f o r 
s i m u l a t e d h a r v e s t i n g by t h e h a r v e s t e r m o d e l . I n i t i a l p l a n t i n g d e n s i t y , 
s u r v i v a l r a t e , a n d t r e e s i z e o f t h e s i m u l a t e d f o r e s t a r e v a r i e d f o r 
m u l t i p l e h a r v e s t e r s i m u l a t i o n s b y t h e h a r v e s t e r m o d e l . T h e r e s u l t s a r e 
u s e d t o d e t e r m i n e t h e h a r v e s t e r ' s p r o c e s s i n g t i m e p e r h a r v e s t a b l e t r e e 
r e l a t i v e t o v a r i o u s v a l u e s o f t h e s e t r e e a n d f o r e s t c h a r a c t e r i s t i c s . 
A s i m u l a t e d f o r e s t (100 t r e e s ) i s d e v e l o p e d b y f i r s t r a n d o m l y 
i d e n t i f y i n g h a r v e s t a b l e t r e e s a t .80, .75, .70, a n d .65 s u r v i v a l l e v e l s . 
T h e d e f e c t i v e t r e e s a n d f a t a l i t i e s a r e i n c r e a s e d p r o g r e s s i v e l y s o t h a t t h e 
t r e e s t h a t a r e d e f e c t i v e t r e e s o r f a t a l i t i e s , a t a h i g h e r s u r v i v a l l e v e l , 
a r e a l s o d e f e c t i v e t r e e s o r f a t a l i t i e s a t t h e l o w e r s u r v i v a l l e v e l s . 
A d d i t i o n a l h a r v e s t a b l e t r e e s a r e r a n d o m l y i d e n t i f i e d a s d e f e c t i v e t r e e s 
o r f a t a l i t i e s a s s u r v i v a l d e c r e a s e s . T h e d e f e c t i v e t r e e s a r e e s t i m a t e d 
t o b e 20 p e r c e n t o f t h e n u m b e r o f d e f e c t i v e t r e e s a n d f a t a l i t i e s . T h e 
p r o g r e s s i v e m e t h o d o f i n c r e a s i n g d e f e c t i v e t r e e s a n d f a t a l i t i e s i s 
n e c e s s a r y t o m a i n t a i n a c o m m o n b a s e o n w h i c h t o c o m p a r e p r o c e s s i n g t i m e 
a s s u r v i v a l d e c r e a s e s . T h e r e s u l t i n g s i m u l a t e d f o r e s t t r e e g r a d e s e q u e n c e 
i s p r e s e n t e d i n T a b l e 1. O n e o f t h e s e s u r v i v a l s e q u e n c e s (.80, .75, »70, 
o r .65), d e p e n d i n g o n s u r v i v a l l e v e l d e s i r e d f o r a s i m u l a t i o n r u n , i s 
c o d e d i n f u n c t i o n 6 o f t h e s i m u l a t i o n m o d e l a n d u s e d b y b l o c k 8 o f s t e p 1 
t o a s s i g n t r e e g r a d e s t o p a r a m e t e r 6 o f e a c h t r e e t r a n s a c t i o n . 
Table 1. Simulated Sample Forest Tree Grade Sequence 
Tree Tree Grade Relative Tree Tree Grade Relative 
Number to Survival Level Number to Survival Level 
. 8 0 • 7 5 . 7 0 . 6 5 . 8 0 . 7 5 . 7 0 . 6 5 
1 G G G G 2 6 G M M M 
2 G G G G 2 7 G G G G 
3 M M M M 2 8 G G G G 
l i G G G G 2 9 G G G G 
5 G G G G 30 G G G G 
6 C C C C 31 G G G G 
7 G G G G 3 2 G G G G 
8 G G G G 3 3 G G G G 
9 G G G G 3h G G G G 
10 G G G G 3 5 M M M M 
11 G G G G 3 6 G G G G 
1 2 G G G G 3 7 G G G G 
13 G G G G 3 8 G G G G 
1 l i G G G M 3 9 C C C C 
1 5 M M M M ho M M M M 
1 6 M M M M • l i l G G M M 
17 G G G G 1*2 M M M M 
18 G M M M 1*3 G G G G 
19 G G G G W i G G G G 
2 0 G G G • G U 5 G G G G 
21 G, G G G 1.6 G G G G 
2 2 G G G G 1*7 M M M M 
2 3 G G G G 1*8 G G G G 
21* G G G G 1*9 G G M M 
2 5 G G G G 5 0 G G G G 
G i s a H a r v e s t a b l e T r e e . 
C i s a D e f e c t i v e T r e e . 
M i s a T r e e F a t a l i t y 
T a b l e 1 . S i m u l a t e d S a m p l e F o r e s t T r e e G r a d e S e q u e n c e ( C o n t i n u e d ) 
T r e e T r e e G r a d e R e l a t i v e T r e e T r e e G r a d e R e l a t i v e 
N u m b e r t o S u r v i v a l L e v e l N u m b e r t o S u r v i v a l L e v e l 
.80 .75 . 7 0 .65 .80 .75 .70 .65 
M M M M 76 G G G C 
52 G G G G 77 M' M M M 
53 G G G G 78 G G G G 
5l4 
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M M M M 79 G G G G 
G G G G 80 G G G G 
56 C C C C 81 G G G G 
57 G G G G 82 G G G G 
53 G G G M 83 G G G G 
59 G G G G 8U G G G G 
60 G G G G 85 M M M M 
61 G G M M 86 G G G G 
62 G G G G 87 M M M M 
63 G G G G 88 G M M M 
6h C C C C 89 G C C C 
65 G G G G 90 G G G G 
66 M M M M •91 G G C C 
6? G G G '..G 92 G G G G 
68 G G M M 93 G M M M 
69 G G G v M 9h M M M M 
70 G G G G ' 95 G G G G 
71 M M M M 96 G G G M 
72 G G G G 97 M M M M 
73 G G G G 98 G G G G 
Ik G G G G 99 G G G G 
75 G G GR G 100 G G G G 
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A 100 tree sample forest ( in i t ia l planting quantity) or multiples 
of 100 trees i s necessary because the number of defective trees and 
fa ta l i t i e s are integers for multiples of 100 trees ( in i t ia l planting quan­
t i ty ) at the survival levels considered. The simulation i s not designed 
to handle fractions of trees . Only one random sample at specific survival 
levels i s used. Insignificant changes in harvestable tree processing time 
i s assumed to occur at different distributions of defective trees and 
fa ta l i t i e s at specific survival levels. This assumption i s based on the 
fact that basicly the same processing movements are required at a specific 
survival level and only the sequence of movements i s changed by changes 
in distribution at a specific survival level. 
A set of harvester simulation runs with the simulated forest i s 
run with 5 inch D.B.H. trees. These runs are made for i n i t i a l planting 
densities of 200 to 1,000 trees per acre. The trees are oriented in a 
square pattern and the i n i t i a l planting densities are changed in 100 trees 
per acre increments. Simulation runs are then made at 65, 70, 75, and 80 
percent survival levels for each of the i n i t i a l planting densities. The 
processing time, per harvestable tree for each simulation, i s computed by 
dividing the survival level into the simulation clock time (savex 172 for 
tree 100) when processing i s completed on tree number 100. This gives 
the cycle time in tenths of seconds. The value of savex 172 for tree 
number 100 must have 10 subtracted from i t before the above division i s 
accomplished. This accounts for a 1 second delay by block 1 of step 1 to 
insure model control. The resulting processing times are plotted for 
each planting density as a function of survival. The graphs are projected 
to .50 and 1.00 survival levels. The resulting processing times, relat ive 
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to i n i t i a l planting density and survival for 5 inch D.B.H. trees , are 
presented in Table 2. 
A set of harvester simulation runs is then made for 700 trees per 
acre ( in i t ia l planting density) for trees with 6, 7, 8, °, and 10 inch 
D.B.H.s at .80, .75* »70, and .65 survival levels. The results are used 
as above to compute harvester processing time relative to D.B.H. and sur­
vival for i n i t i a l planting density of 700 trees per acre. The processing 
times per harvestable tree are interpolated to 1* and 12 inch D.B.H.s. The 
resulting processing times are used to determine correctional values that 
can be used to adjust the 5 inch D.B.H. processing time (Table 2) to 
account for different D.B.H.s in four survival ranges. The resulting 
correctional time values are presented in Table 3. 
It is assumed that these correctional time values can be used 
uniformly for a l l planting densities. Simulation runs at 200 to 1,000 
trees per acre ( in i t ia l planting densities) are made for 7*5 inch D.B.H. 
at .75 survival, 10 inch D.B.H. at .75 survival, and 10 inch D.B.H. at 
.65 survival to determine if large errors result by uniformly using the 
correctional time values. The results are presented in Table ii. Only 
small errors result; therefore, the processing time (relative to i n i t i a l 
planting density and survival) for 5 inch D.B.H. trees (Table 2) and the 
correctional time values for other D.B.H.s (Table h) are used to summarize 
the harvester processing time per harvestable tree for use by the 
economic model. 
Preliminary economic analysis indicate optimal tree heights are 
not much over 65 feet. I t is estimated that 65 foot high trees have a 
50 foot merchantable stem below the 3 inch top diameter. The harvester 
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T a b l e 2 . H a r v e s t e r P r o c e s s i n g T i m e ( i n S e c o n d s ) f o r 5 I n c h D i a m e t e r 
a t B r e a s t H e i g h t H a r v e s t a b l e T r e e s R e l a t i v e t o P l a n t i n g 
D e n s i t y a n d S u r v i v a l 
S u r v i v a l 
P e r - I n i t i a l P l a n t i n g D e n s i t i e s ( T r e e s p e r A c r e ) 
c e n t a g e s 2 0 0 3 0 0 U O O 5 0 0 6 0 0 7 0 0 8 0 0 9 0 0 1 0 0 0 
1 0 0 17-0 1 5 . 6 14.9 14.5 14.0 1 3 . 7 1 3 - 5 1 3 . 3 1 3 . 2 
9 5 17-6 1 6 . 2 1 5 . 4 14.9 1 4 . 4 14.1 1 3 . 9 1 3 . 7 1 3 . 6 
90 18.3 1 6 . 8 1 6 . 0 1 5 . 4 14.9 I 4 . 6 14.3 14.1 1 3 . 9 
85 1 9 - 0 1 7 - 4 1 6 . 5 1 5 . 9 1 5 . 4 1 5 . 0 1 4 . 7 14.5 1 4 . 3 
80 19.888 1 8 . 2 0 1 17 .198 1 6 . 5 0 3 1 5 . 9 8 4 1 5 - 5 8 5 1 5 . 2 8 9 1 5 . 0 2 0 1 4 . 8 2 1 
7 5 2 0 . 6 9 8 1 8 . 9 0 0 17.827 1 7 . 0 8 8 1 6 . 5 3 6 1 6 . 1 0 8 1 5 . 7 9 1 1 5 . 5 0 5 1 5 . 2 9 2 
7 0 2 1 . 5 8 3 19.691 18.540 1 7 . 7 5 0 1 7 . 1 6 0 1 6 . 7 0 1 1 6 . 3 5 9 1 6 . 0 5 4 1 5 . 2 8 4 
6 5 2 2 . 6 1 2 20.600 19.371 1 8 . 5 2 3 17.886 1 7 . 3 9 5 1 7 . 0 2 3 1 6 . 6 9 7 1 6 . 4 4 6 
6o 2 3 . 9 2 1 . 7 2 0 . 3 1 9 . 4 1 8 . 6 1 8 . 1 17 -7 1 7 . 4 1 7 . 1 
55 2 5 - 4 2 3 . 0 2 1 . 4 2 0 . 5 19.6 19.1 1 8 . 7 1 8 . 3 1 8 . 0 
5o 27.2 24.5 2 2 . 6 2 1 . 7 2 0 . 6 2 0 . 1 1 9 . 6 19.2 1 8 . 9 
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Table 3. Harvester Processing Time Correctional Time Values (in seconds) 





Equal to or 
Greater than 
.675 and Less 
than .725 
Equal to or 
Greater than 
.725 and Less 
than .775 
Equal to and 
Greater than 
.775 
1* -0.39* -0.31*3 -0.333 -0.325 
5 +0.000 +0.000 +0.000 +0.000 
6 +0.351 +3.31*3 +0.333 +0.325 




+1.179 +1.11*5 +1.115 +1.089 
9 +1.539 +1.1*93 +1.1*53 +1.1*19 
10 +2.1*33 +2.369 +2.313 +2.265 
11 +3-327 +3.21*5 +3.173 +3.111 
12 +1*.221 +1*.121 +1*.033 +3.957 
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Table 1*. Harvester Processing Times Determined by Simulation Model 
versus Processing Times Computed with Correctional Time 
Values 
Processing Time Processing Time Error 
(Seconds per (Seconds per (Seconds 
In i t i a l Planting Harvestable Tree) Harvestable Tree) per 
Densities Based on Based on Correctional Harvestable 
(Trees per Acre) Simulation Model Time Values Tree) 
7 . 5 Inch D.B.H. and . 7 5 Survival 
2 0 0 2 1 . 5 8 6 2 1 . 6 1 * 3 . 1 5 7 
3 0 0 1 9 . 7 8 9 19.Qh^ . 0 5 6 
1 * 0 0 1 8 . 7 1 7 18.772 . 0 5 5 
5 b o 1 7 . 9 7 9 1 8 . 0 3 3 . 0 5 1 * 
6 0 0 17.1*27 1 7 . 1 * 8 1 . 0 1 * 1 * 
7 0 0 16.999 1 7 . 0 5 3 . 0 5 1 * 
8 0 0 1 6 . 6 8 1 1 6 . 7 3 6 . 0 5 5 
9 0 0 1 6 . 3 9 6 1 6 . 1 * 5 0 . 0 5 1 * 
1 0 0 0 1 6 . 1 8 3 16 . 2 3 7 . 0 5 1 * 
1 0 Inch D.B.H. and . 7 5 Survival 
2 0 0 2 3 . 0 1 2 2 3 . 0 1 1 . 0 0 1 
3 0 0 2 1 . 2 1 2 21 . 2 1 3 . 0 0 1 
1 * 0 0 2 0 . 1 1 * 0 2 0 . 1 1 * 0 . 0 0 1 
5 0 0 19 .1*01 1 9 . 1 * 0 1 . 0 0 0 
6 0 0 1 8 . 8 1 * 9 1 8 . 8 1 * 9 . 0 0 0 
7 0 0 18 .1*21 1 8 . 1 * 2 1 . 0 0 0 
8 0 0 1 8 . 1 0 1 * 1 8 . 1 0 1 * . 0 0 0 
9 0 0 1 7 . 8 1 9 1 7 . 8 1 8 . 0 0 1 
1 0 0 0 1 7 . 6 0 5 1 7 . 6 0 5 . 0 0 0 
1 0 Inch D.B.H. and . 6 5 Survival 
2 0 0 2 5 . 0 1 4 * 2 5 . 0 1 * 5 . 0 0 1 
3 0 0 2 3 . 0 3 1 2 3 . 0 3 3 . 0 0 2 
koo 2 1 . 8 0 3 2 1 . 8 0 1 * . 0 0 1 
5 0 0 2 0 . 9 5 5 2 0 . 9 5 6 . 0 0 1 
6 0 0 2 0 . 3 1 8 2 0 . 3 1 9 . 0 0 1 
7 0 0 1 9 - 8 2 8 1 9 - 8 2 8 . 0 0 0 
8 0 0 1 9 . 4 5 5 1 9 . 1 * 5 6 . 0 0 1 
9 0 0 1 9 . 1 2 5 1 9 . 1 3 0 . 0 0 5 
1 0 0 0 1 8 . 8 7 8 1 8 . 8 7 9 . 0 0 1 
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can harvest $0 feet of a tree in a single processing sequence. The 
harvester must be recycled to harvest more than 56 feet of the tree on 
trees higher than 65 feet which have merchantable stems longer than 50 
feet. For trees slightly higher than 65 feet, l i t t l e volume is lost in 
the top above 5 6 feet and i t i s not economical to recycle the harvester 
for this snail volume of wood. In view of this , the harvester simulation 
model i s programmed to harvest only 50 feet of the merchantable stem on 
trees over 65 feet high. The volume lost i s accounted for in the 
economic model. In addition, the harvester processing time is not con­
sidered to be affected by tree height if the harvester i s not recycled. 
I t i s also necessary to determine the time required to process 
the last tree of a load. The hydraulic suspension system alerts the 
operator when 13,000 pounds of wood i s supported by the harvester. After 
being alerted, he s tarts positioning the harvester to unload the load. 
While the operator i s positioning the harvester, the last tree i s auto­
matically being processed by the harvester. The economic model computes 
the load processing time from the number of trees per load and the pro­
cessing time per tree as determined by th i s harvester simulation. The 
economic model also determines the unloading time. The economic model 
then computes the tota l harvester operating time, per load, as a sum of 
the load processing time and the unloading time. Since the las t tree i s 
processed during the unloading time, the processing time on the la s t tree 
of the load, after the shear raising, i s subtracted from the above sum 
to determine the correct harvester operating time per load. 
The time (in tenths of seconds) required to process the last tree 
i s the difference between savexes 123 and 172 for tree number 106. Savex 
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123 i s the clock time when the raising of the shear i s complete. 
Savex 172 i s the clock time when the conveyer completes processing a 
tree . Diameter is the only characteristic that affects this time. 
The processing times are computed for D.B.H. values of 5 to 10 inches 
(in 1 inch increments) and interpolated to k and 12 inches. The results 
are presented in Table 5. These data are used in the economic model. 
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Table Time Required to Complete Processing of the Last Tree 
in a Load versus Diameter at Breast Height 
D.B.H. Time Required to Complete Processing 











FOREST GROWTH MODEL 
Discussion of the Forest Growth Model 
The design of pulpwood harvesting machines and the characteristics 
of trees and forest being harvester should be highly compatible with 
each other. Tree and forest characteristics are determined by forest 
planning and management policies. A forest growth simulation model is 
developed to determine tree and forest characteristics at harvesting time 
relative to forest'planning and management alternatives. The tree char­
acteristics considered are tree height, D.B.H., weight, and volume. The 
forest characteristics considered are the forest yield and tree d i s t r i ­
bution as determined by i n i t i a l planting densities and survival rates . 
Forest planning determines the i n i t i a l planting density and the s i te in­
dex of the land on which the trees are planted. Forest management de­
termines the age at which the forest is harvested. The results of the 
forest growth model and the harvester simulation model are used by the 
economic model to economically evaluate the machine design in conjunction 
with forest planning and management alternatives. 
The forest growth model i s based on tree growth regression equa­
tions developed by Bennett, McGee, and Clutter (16) and tree growth sup­
pression data developed by Nelson, Lotti , Brender, and Trousdell (17)» 
The regression equations were developed from tree growth observed on old-
field slash pine plantations in the Georgia Costal Plain and the Carolina 
Ik 
Sandhills. The forest planning and management related to these data are 
considered representative of future forest planning and management. The 
regression equations are developed from data gathered from 3 0 8 plots as 
described in Table 6 . 
A major problem was encountered due to the low ages of the sample 
plots. The regression equations do not adequately account for growth 
suppression that occurs at higher tree ages when the trees s tart saturat­
ing the land. The most valuable data relative to growth suppression are 
found in a technical paper by Nelson, Lott i , Brender, and Trousdell ( 1 7 ) 
on volume growth in natural loblolly pine stands. This work identifies 
the square feet of basal area per acre for full stocking relative to 
D.B.H. and the basal areas for optimal growth rates relative to s i te 
index. After a review of the data presented by Nelson, Lotti, Brender, 
and Trousdell ( 1 7 ) , i t i s assumed that growth suppression begins at 
the basal areas identified at the maximum growth rates . 
The data on natural loblolly pine stands are used to estimate the 
basal area (relative to D.B.H. and site index) where growth suppression 
s t a r t s . These data are also used to estimate the growth rates subsequent 
to suppression in i t iat ion. 
Development of the Forest Growth Model 
The forest growth model is programmed in DYNAMO computer language 
( 1 2 ) . This language is used because of i t s adaptability for dynamic feed­
back systems in business, economics, or engineering and i t s ab i l i ty to 
translate mathematical models into tabulated and plotted resul ts . 
The economic model requires extensive data from the forest growth 
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Table 6. Distribution of Sample Plots by Age and Site Index (Age 25) 
Age Site Index 
Class 30 40 50 60 70 80 Total 
10 - 2 2 27 12 2 U5 
13 - 2 5 22 27 3 59 
16 2 1 U 49 hi 6 109 19 - 1 10 31 36 1 79 22 - 2 1 9 - - 12 
?5 - - 1 1 1 - 3 
28 - - - - 1 - 1 
TOTAL 2 CO 23 139 12b, 12 308 
7 6 
model. Also, the forest growth model i s closely related to the economic 
model in that both have the same time base. In view of th i s , the forest 
growth model and the economic model are programmed as two sections of a 
joint model and run simultaneously. 
The forest growth model consists of 12 subprograms numbered 1 
through 12. The forest growth simulation model and sample printout are 
contained in Appendix I I I . The purpose of each subprogram i s as 
follows: 
(1) Subprogram 1 assigns values to computational constants. 
(2) Subprogram 2 computes time variables used in the model. 
(3) Subprogram 3 computes the tree D.B.H. 
(U) Subprogram k computes the tree height. 
0>) Subprogram $ computes tree survival rates . 
( 6 ) Subprogram 6 computes tree basal areas per acre. 
(7) Subprogram 7 computes the basal area for the next year when 
growth suppression occurs. 
(8) Subprogram 8 computes the D.B.H. suppression factor when 
growth suppression occurs. 
(9) Subprogram 9 computes the basal area value at which growth 
suppression occurs. 
(10) Subprogram 10 computes the basal area increase during the 
next computational interval relative to the basal area increase during 
the past computational interval when growth suppression occurs. 
(11) Subprogram 11 computes the unsuppressed basal area at the 
next computational instant. 
(12) Subprogram 12 computes the yield per acre. 
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D e v e l o p m e n t o f e a c h o f t h e f o r e s t g r o w t h m o d e l s u b p r o g r a m s i s 
d i s c u s s e d i n d e t a i l . 
S u b p r o g r a m 1 
C e r t a i n c o m p u t a t i o n a l c o n s t a n t s a r e u s e d i n m a n y a p p l i c a t i o n s i n 
t h e f o r e s t g r o w t h m o d e l a n d t h e e c o n o m i c m o d e l . T h e s e c o n s t a n t s a r e 
a s s i g n e d v a l u e s b y t h i s s u b p r o g r a m . 
C o m p u t a t i o n a l c o n s t a n t s X a n d P a r e a s s i g n e d a v a l u e o f 1 . S I T E I 
i s a s s i g n e d t h e v a l u e o f t h e l a n d s i t e i n d e x , b a s e d o n 25 y e a r s , f o r 
s p e c i f i c m o d e l r u n s . C o m p u t a t i o n a l c o n s t a n t P i s u s e d i n c o n v e r t i n g 
n a t u r a l l o g a r i t h m s t o c o m m o n l o g a r i t h m s a n d i t i s a s s i g n e d a value o f 
1/2.3025851 • 
S u b p r o g r a m 2 
T h e t r e e g r o w t h m o d e l a n d t h e e c o n o m i c m o d e l a r e b a s e d o n t i m e . 
T h e t r e e a n d f o r e s t c h a r a c t e r i s t i c s a r e c o m p u t e d a t 1 y e a r i n c r e m e n t s f r o m 
p l a n t i n g t i m e t o 1*0 y e a r s . 
T h e m o d e l ' s b a s i c t i m e v a r i a b l e i s N . T h e v a r i a b l e N i s i n i t i a l l y 
s e t e q u a l t o 0 a n d t h e n i n c r e a s e d b y 1 b e t w e e n e a c h c o m p u t a t i o n a l i n s t a n t . 
M o s t m o d e l t i m e c a l c u l a t i o n s a r e b a s e d o n t h e v a r i a b l e A G E . A G E i s e q u a l 
t o 1 w h e n N i s l e s s t h a n 1 o r A G E i s e q u a l t o N w h e n N i s e q u a l t o 1 o r 
m o r e . A G E i s n o t a l l o w e d t o b e l e s s t h a n 1 b e c a u s e i t i s u s e d a s t h e 
d i v i s o r i n s e v e r a l e q u a t i o n s . T h e c o m p u t a t i o n s f o r N a n d A G E a r e 
s u m m a r i z e d b e l o w : 
1 L N . K » N . J + ( D T ) ( + N R - 0 ) 
C N R = 1 
6N N=0 





N.K • Value of N for Current Computational Instant 
N.J 88 Value of N for Previous Computational Instant 
NR • Time Increment Value (NR equals one year for th is 
model.) 
N1. K * Value of N at Next Computational Instant 
NC = CLIP Function (NC equals 1 when N.K is less than 1 or 
NC equals 0 when N.K is 1 or greater.) 
NX.K * N.K or 1 (NX.K equals 1 when N.K i s 1 or greater or 
NX .K equals 1 when N .K i s less than 1.) 
AGE.K = Tree Age at Current Computational Instant 
The inverse of AGE is used in the rate of return computations in 
the economic model. The inverse of AGE is identified as NIV and computed 
by the following equation: 
20A NlV.K-P/toX.K 
NIV.K » Inverse of AGE 
P = 1 (P i s a computational constant established by 
subprogram 1.) 
NX.K ..- N.K or 1 
Many computations in the model are computed during the current 
computational instant for the next computational instant. XAGE i s 
identified as the time variable for computations for the next 
computational instant. XAGE is computed as follows: 
7A XAGE. K=AGE. K+P 
XAGE.K * Tree Age at Next Computational Instant 
AGE.K « Tree Age at Current Computational Instant 
P • • 1 (P i s a computational constant established by 
subprogram 1.) 
Subprogram 3 
Prior to growth suppression, D.B.H. i s a function of tree age, 
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s i te index of the land, and surviving trees per acre. The regression 
equation (16) for unsuppressed D.B.H (DBHT) i s as follows: 
LogDBHTO. 6 5 0 7 1 2 + 0 . 0 0 0 2 1 9 (AGE) (SITEI) - 0.23k5hk (LogXSTAF) + 0 . 3 1 1*215 (LogSITEI) 
The unsuppressed D.B.H. (DBHT) i s computed as follows: 
1 2 A DBHA1. K® (AGE. K) (SITEI .K) 
1 2 A DBHA.K»(0.000219)(DBHA1.K) 
2 9 A DBHB1 .K-(F.K )L0GN (XSTAF.K) 
1 2 A D B H B . K * ( 0 . 2 3 4 5 o l + ) (DBHB1 .K) 
29A DBHC1 .Ks(F.K)L0GN (SITEI. K) 
12A DBHC. K= ( 0 . 3 1 i |215) (DBHC1. K) 
9 A DBHL.K*+0.650712+DBHA.K-DBHB.K+DBHC.K 
1 2 A DBHL1 . K s ( 2 . 3 0 2 5 8 5 1 ) (DBHL.K) 
28A DBHT.K«(X.K)EXP(DBHL1.K) 
DBHA1 .K = Computational Factor for DBHA.K 
AGE.K 53 Tree Age (AGE.K i s computed by subprogram 2 . ) 
SITEI.K = Site Index of the Land (Value of SITEI.K i s assigned 
by subprogram 1 . ) 
DBHA.K * Second Term of Regression Equation 
DBHB1 .K • Computational Factor for DBHB.K 
F.K • 1 (F.K i s a computational constant established by 
subprogram 1 . ) 
XSTAF.K -'. Sui*viving Trees per Acre (Value i s computed by 
subprogram 5«) 
DBHB.K • Third Term of Regression Equation 
DEHC1 .K • Computational Factor for DBHC.K 
DBHL.K - Common Logarithm of DBHT 
DBHL1. K • Natural Logaritlim of DBHT 
X.K * 1 (X.K i s a corajmtational constant established by 
subprogram 1 . ) 
DBHT.K 88 Unsuppressed D.B.H. at Current Computational Instant 
The variable DBHT does not account for growth suppression. A 
D.B.H. suppression factor (BASLU) i s used to account for growth sup­
pression. The product of BASLl; and DBHT i s used to compute DBH. DBH 
i s the value used for a l l computations requiring the D.B.H. value for 
current computational instants. DBH i s computed by the following 
equation: 
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12A D B H . K ~ ( B A S L l i . K ) ( D B H T . K ) 
DBH.K « D.B.H. Value for Current Computational Instant 
BASLli.K « D.B.H. Suppression Factor (BASLli.K i s computed by-
subprogram 8, and i t i s equal to 1 when suppression 
does not occur.) 
DBHT.K • Unsuppressed D.B.H. at Current Computational Instant 
Subprogram k 
The tree height i s a function of tree age and s i te index of the 
land. The regression equation (16) for tree height i s presented 
below: 
LogHGH«LogSJTEI+5.U0638% " ^ ) 
The tree height (HGH) i s computed as follows: 
6A HGHB.K-DEHC1.K 
20A HGHA2.K-1/25 
2QA HGHA3»K«1 /AGE .K 
7A HGHA1. K»HGHA2. K-HGHA3 • K 
12A HGHA.K»(5.1|0638) (HGHA1 .K) 
7A HGHL.K-HGHB. K+HGHA.K 
12A HGHL1. K» (2.3023J851) (HGHL. K) 
28A HGH.K»(X.K)EXP(HGHL1.K) 
DBHB.K - First Term of Regression Equation (DBHB.K i s equal to 
DBHC1.K which i s computed in subprogram 30 
HGHA2.K • Computational Term for HGHA1 
HGHA3-K « Computational Term for HGHA1 
HGHA1 .K * Computational Factor for HGHA.K 
HGHA.K • Second Term of Regression Equation 
AGE.K = Tree Age (AGE.K i s computed by subprogram 2.) 
HGHL.K • Common Logarithm of Tree Height 
HGHL1 .K • Natural Logarithm of Tree Height 
X.K = 1 (X.K is a computational constant established by 
subprogram 1.) 
HGH.K • Tree Height at Current Computational Instant 
Subprogram $ 
This subprogram estimates tree survival. Limited information i s 
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available that provides guidance on survival. Therefore, the following 
equation was developed to estimate the harvestable surviving trees per 
acre at yearly increments after planting. 
52L HSTPA.K=HSTPA.J+(DT)(RTPA.JK-I]m.JK-AMR.JK-MDRT1 .JK) 
HSTPA.K = Harvestable Surviving Trees per Acre for Current 
Computational Instant (The i n i t i a l value of HSTPA i s 
set at 200.) 
HSTPA.J = Harvestable Surviving Trees per Acre for Prior 
Computational Instant 
RTPA.JK • Correctional Term (RTPA accounts for changes in i n i t i a l 
planting densities during model reruns.) 
INMR.JK = Correctional Term (INMR accounts for planting 
casualties per acre.) 
AMR.JK *• Annual Casualty Rate Between the Prior and Current 
Computational Instants 
M0RT1.JK= Annual Miscellaneous Casualty Rate Between the Prior 
and Current Computational Instants 
The i n i t i a l planting density (TPA) i s assigned a value of 200 trees 
per acre for the i n i t i a l simulation run in a group of simulation reruns. 
The i n i t i a l value of HSTPA is assigned a corresponding value of 200. TPA 
i s changed to account for different planting densities on simulation re­
runs (HSTPA is not changed on reruns) and RTPA i s a correctional term 
that automatically corrects HSTPA to account for a change in TPA. Com­




5TR RTPA.KL=CLIP(0.0,TPA1 .K,N.K,2.0) 
TPA • I n i t i a l Planting Density in Trees per Acre 
TPA2.K * Correctional Term Value 
TPA1.K -. CLIP Function 
RTPA.KL • CLIP Function (The two CLIP functions work together to 
apply the planting density correctional factor during 
the third computational instant.) 
N.K e Years Since Planting at Current Computational Instant 
(N.K is computed by subprogram 2.) 
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I t i s necessary that the harvestable surviving trees per acre 
(HSTPA) be corrected to account for planting casualties. The correctional 
term for planting casualties (INRM) i s computed as follows: 
7A INMP.K-1 .O-INSUP 
C BISUP-0.88 
12A BW.K«(TPA)(INMP.K) 
51A INMN1 .K=CLL?(INMN.K,0,N.K,1.0) 
£1R MMR.KL*CLIP(0.0,INMN1.K,N.K,2.0) 
INSUP = Planting Survival Rate (This i s estimated at 88 
percent.) 
INMP.K - Percentage of Trees That are Planting Casualties 
BJMN.K - Planting Casualties per Acre 
INMNLK* CLIP Function 
INMR.KL = CLIP Function (The two CLIP functions work together to 
apply the planting casualty correctional factor during 
the th ird computational instant.) 
N.K • Years Since Planting at Current Computational Instant 
(N.K i s computed by subprogram 2.) 
TPA - In i t i a l Planting Density in Trees per Acre 
The annual casualty rate (AMR) is estimated by the following 
equation: 
13R AMR.KL* (HSTPA .K) (BASA3 • K) (AMPC) 
HSTPA.K 88 Harvestable Surviving Trees per Acre 
BASA3.K - Basal Area Percent of Full Stocking (BASA3 is computed 
by subprogram 10.) 
AMPC » Basic Annual Casualty Rate (AMPC i s estimated at 1.2 
percent.) 
The miscellaneous annual casualty rate (MDRT1) i s used to account 
for effects on harvestable tree casualties such as very dry periods, 
insect infestation, and disease infestation. This term is added to give 
the model f lexibi l i ty . I t i s assigned 0 values for this simulation. 
MDRT1 i s computed as follows: 
8 3 
1 2A MDRT1.KL= (MDRT2.K) (HSTPA .K) 
5 9 A MORT2.K=TABLE(MORT3,N.K,0,i+0,i+0) 
C MDRT3*=0/0 
MDRT1.KL= Annual Miscellaneous Casualties per Acre 
MDRT2.K = Annual Miscellaneous Casualty Percentage 
MDRT3# = Annual Miscellaneous Casualty Percentage for Each Year 
HSTPA.K = Harvestable Surviving Trees per Acre for Current 
Computational Instant 
N.K = Years Since Planting at Current Computational Instant 
(N.K is computed by subprogram 2.) 
Basal area and D.B.H. computations are based on the number of 
defective and harvestable trees on an acre. Defective trees are estimated 
to be 20 percent of the casualties. The to ta l number of harvestable and 
defective trees per acre (XSTAF) is computed by the following equations: 
11+A XSTAF.K=HSTPA.K+(M0HT.K)(0.2) 
$21 M0RT.K=MDRT.J+(DT)(lNMR.JK+AMR.JK+M0RT1.JK+0.0) 
XSTAF.K = Harvestable Trees and Defective Trees per Acre at 
Current Computational Instant 
HSTPA.K = Surviving Harvestable Trees per Acre at Current 
Computational Instant 
MORT.K = Cummulative Casualties at Current Computational Instant 
(WDRT includes defectives and f a t a l i t i e s , and defect­
ive trees are estimated at 20 percent of the casualties.) 
MDRT.J = Cummulative Casualties at Prior Computational Instant 
INMR.JK = Correctional Term (INMR accounts for trees per acre 
that are planting casualties.) 
AMR.JK = Annual Casualty Rate Between the Prior and Current 
Computational Instants 
MDRT1 .JK= Annual Miscellaneous Casualty Rate Between the Prior 
and Current Computational Instants 
Subprogram 11 computes the unsuppressed basal area (BAXAS) for the 
next computational instant (year N+1). The number of harvestable and 
defective trees (XSTPA) at the next computational instant must be e s t i ­
mated. In order to compute XSTPA, i t is assumed that the change in 
defective and harvestable trees i s the same between the current and next 
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computational instants as i t i s between the prior and current computational 
instants. The computations for estimating XSTPA are summarized as 
follows: 
6A STPA1*1 .K-XSPAF.K 
37B STPA1,K=B0XLIN(2,1) 
C STPA1*=1/1 
7A STPA2 ,K=STAF. K-STPA1 *2. K 
51A STPA6.K=CLIP(SrPA2.K,0.0,N.K,3.0) 










Helps STPA1.K and STPA1*2.K Delay XSTAF.K Values 1 
Computational Interval 
Helps STPA*1.K and STPA1*2.K Delay XSTAF.K Values 1 
Computational Interval 
Surviving Harvestable and Defective Trees per Acre at 
Prior Computational Instant 
In i t ia l Values of STPA1.K 
Surviving Harvestable and Defective Trees per Acre at 
Current Computational Instant 
CLIP Function (CLIP function does not allow feedback 
of STPA2 values unti l fourth computational instant to 
allow model stabilization.) 
Estimated Harvestable and Defective Trees at Next 
Computational Instant 
The harvestable surviving tree percentage (SURP) of i n i t i a l 
planting density is computed by the following equation: 
20A SURP.K«HSTPA.K/TPA 
SURP.K • Harvestable Surviving Tree Percentage of In i t ia l 
Planting Density at Current Computational Instant 
HSTPA.K * Surviving Harvestable Trees per Acre at Current 
Computational Instant 
TPA = In i t ia l Planting Density in Trees per Acre 
Subprogram 6 
Basal area i s the square feet of tree cross section at breast 
height. Basal area per acre i s used to estimate when growth suppression 
occurs. The basal area per acre (BASAS) i s computed as follows: 
8 5 
1 3 A BASATOK»(3.1U15927)(DBH.K)(DBH.K) 
20A B A S A F . K - B A S A T . K A 
UUA BASAS.K=(BA.SAF„K) (XSTAF.K)/1UU 
DBH.K * Tree Diameter at Breast Height at Current Computational 
Instant (DBH i s computed by subprogram 3.) 
BASAT.K " Computational Factor for BASAF 
BA.SAF.K = Cross Sectional Area of Individual Trees (BASAF i s in 
square inches.) 
XSTAF.K = Surviving Harveistable and Defective Trees per Acre at 
Current Computational Instant (XSTAF i s computed by 
subprogram 5») 
BA.SAS.K «= Basal Area per Acre (BASAS i s in square feet.) 
Subprogram 7 
When growth suppression is necessary, the D.B.H. growth i s sup­
pressed. Basal area i s directly related to D.B.H. and tree density. 
During growth suppression the basal area increases, between the current 
and next computational instants, are assumed less than the increase be­
tween the prior and current computational instants . Subprogram 10 deter­
mines a factor (BASAu) that estimates the basal area increase between the 
current and next computational Instants relative to the increase from the 
prior to the current computational instants . This subprogram estimates 
the basal area (BAXA3) at the next computational instant . Computations 
for the B&SAS are summarized below: 
6A BASA1*1 .K«BASAS.K 
37B BASA1 .K«B0XLIN(2,1) 
C BASAHM/0 
7A BASD2. K-BASAS .K-BASA1 *2 ,K 
12A BAXA2.K«(BASAU.K) (BASD2.K) 
7A BAXA3.K-BASAS.K+BAXA2.K 
BASA1*1.K = Helps BASAT.K and BASA1*2.K Delay BASAS.K Values 1 
Computational Interval 
BA.SA1 .K » Helps BASA1#1 .K and B/LSA1*2.K Delay BASAS.K Values 1 
Computational Interval 
BASA1 *2 .K * Basal Area per Acre at Prior Computational Instant 
BASA1* » In i t ia l Values for BASA1 .K 
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BASAS.K = Basal Area per Acre f o r Current Computational I n s t a n t 
(BASAS.K i s computed by subprogram o . ) 
BASD2.K = Change i n Basal Area Between t h e P r i o r and Current 
Computational I n s t a n t s 
BASAS.K = Basal Area Suppression Fac to r (BASAl; i s computed by 
subprogram 10. ) 
BASA3.K = Est imated Basal Area a t Next Computational I n s t a n t 
Subprogram 8 
This subprogram computes t he D.B.H. suppress ion f a c t o r (BASLJ4). 
P r i o r t o growth suppress ion , t h e t r e e D.B.H. i s equal t o t he D.B.H. r e ­
g r e s s i o n equat ion i n (subprogram 3* When growth suppress ion o c c u r s , t h e 
r e s u l t s of t h e r e g r e s s i o n equa t ion i s suppressed by BASLl* i n subprogram 
3 . 
Subprogram 11 computes the b a s a l area (BAXAS) t h a t r e s u l t s from 
an unsuppressed D.B.H. a t t he next computat ional i n s t a n t . Subprogram 7 
computes t h e suppressed b a s a l a rea (BAXA3) a t t h e next computat ional 
i n s t a n t . The D.B.H. suppress ion f a c t o r (BASLij) i s ass igned a va lue t o 
suppress t h e D.B.H. r e g r e s s i o n equa t ion r e s u l t s so t h a t t h e b a s a l a r ea 
a t the next computat ional i n s t a n t i s equal t o t h e BAXA3 va lue i n s t e a d of 
t h e BAXAS v a l u e . The BASLlj. va lue i s delayed 1 computat ional i n t e r v a l 
be fore i t i s used by subprogram 3* 
Subprogram 9 computes t h e b a s a l a rea (BASA3?) a t which growth sup­
p r e s s i o n s t a r t s . Subprogram 6 computes t h e r e s u l t i n g b a s a l a rea (BASAS) 
a t t h e cu r r en t computat ional i n s t a n t . Subprogram 10 computes t h e r a t i o 
(BASA3) of t h e c u r r e n t b a s a l a r ea (BASAS) t o t h e b a s a l a r ea (BASAS) a t 
which suppress ion s t a r t s . When BASA3 i s l e s s than 1 , BASLi* i s equa l 1j 
and when BASA3 exceeds 1 , BASLl; i s a s s i g n e d v a l u e s t o p rov ide t h e sup­
p r e s s e d b a s a l a r ea (BAXA3). Computations for BASLlj a r e summarized 
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as fo l lows: 
20A BAXAu.K=BAXA3.K/BAXAS.K 
51A BAXA6.K=CLIP(BAXAu.K,0.000001,BAXAU.K,0.000001) 
3 0 A BASL3.K=(1)SQRT(BAXA6.K) 
51A BASL5 .K=CLIP(BASL3 .K ,1 .0,BASA3 .K ,1 .0) 
6A BASL6*1.K=BASL5.K 
37B BASL6 .K=B0XLIN(2,1) 
C BASL6*-=1/1 
6A BASLu. K=BASL6*2. K 
BAXAlj.K = Rat io of Suppressed Basal Area t o Unsuppressed Basal 
Area a t the Next Computational I n s t a n t 
BAXA3-K = Suppressed Basal Area a t t he Next Computational I n s t a n t 
(BAXA3 i s computed by subprogram 7 . ) 
BAXAS.K = Unsuppressed Basal Area a t the Next Computational 
I n s t a n t (BAXAS i s computed by subprogram 1 1 . ) 
BAXA6.K = CLIP Funct ion (BAXA6.K holds BAXAS.K va lues p o s i t i v e . ) 
BASL3.K = D.B.H. Suppression Value 
BASL5.K = CLIP Function (BASL5.K i s ass igned t h e va lue of 
BASL3.K when BASA3.K i s ass igned a va lue of 1 when 
BASA3.K i s l e s s than 1 . ) 
BASA3-K = Ra t io of Current Basal Area t o Basal Area Value a t 
Which Suppression S t a r t s (BASA3 i s computed by 
subprogram 1 0 . ) 
BASL6VI .K= Helps BASL6.K and BASL6*2.K Delay BASL5.K Values 1 
Computational I n t e r v a l 
BASL6.K * Helps BASL6VI .K and BASL6*2.K Delay BASL5-K Values 1 
Computational I n t e r v a l 
BASL6*-2.K= BASL5.K Value a t P r i o r Computational I n s t a n t 
BASL6* » I n i t i a l Values of BASL6.K 
BASLK.K « D.B.H. Suppression Fac to r 
Subprogram 9 
The r e g r e s s i o n equa t ions f o r t r e e growth c h a r a c t e r i s t i c s , developed 
by Bennet t , McGee, and C l u t t e r (16), do not adequate ly account fo r growth 
suppress ion a t t he hig;her ages . The age d i s t r i b u t i o n fo r t h e sample p l o t s 
(Table 6) i n d i c a t e t h a t t h e r e g r e s s i o n equa t ions a r e based on data of 
which 95 p e r c e n t i s from p l o t s l e s s than 20.5 y e a r s o ld . Tree growth 
suppress ion , a t p l a n t i n g d e n s i t i e s cons idered , normally occurs a t ages 
g r e a t e r than 20.5 y e a r s . 
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The only usable data on growth suppression i s found in a technical 
paper on volume growth in natural loblolly pine stands by Nelson, Lott i , 
Brender, and Trousdell (17). This work identifies the square feet of 
basal area per acre for ful l stocking relative to D.B.H. and the basal 
area at maximum growth rates relative to s i te index. 
The full stocking basal areas per acre relative to D.B.H. i s pre­
sented in Table 7* The following equation for ful l stocking relat ive to 
D.B.H. was developed to represent the data in Table 7-
Full Stocking^33+3(D.B.H.)-(12/(D.B.H.+(li/D.B.H.)))3*7 3-(D.B.H./11 
The results of this equation are also presented in Table 7 for a 
comparison of values. 
The full stocking equation is programmed as follows: 
12A BaSS1.K-(3.0) (DBH.K) 
27A BA£S2.K«(l4.0/Dm.K)+DBH.K 
2 OA BASS3.K»12/BASS2.K 
29A BASS]+.K«(3.73)L0GN(BASS3.K) 
28A BASSS.KO .0)EXP(BASSl4.K) 
20A BA£S6.K«DBH.K/VI 
29A BASS7.K*(U.5)LOGN(BASS6.K) 
28A BASS8.K»(1 )EXP(BASS7.K) 
9A BASS9.K«133+BASS1 .K-BASS5>.K-BASS8.K 
DBH.K • Diameter at Breast Height at Current Computational 
Instant (DBH.K i s computed by subprogram 3-) 
BASS1.K « Second Term of Full Stocking Equation 
BASS2.K « Computational Factor for BASS3.K 
BASS3.K a Computational Factor for BASSl+.K 
RASSl+.K a Computational Factor for BASŜ .K 
BASS5. K « Third Term of Full Stocking Equation 
BASS6.K * Computational Factor for B A S S 7 . K 
B A S S 7 . K * Computational Factor for B A S S 8 . K 
B A S S 8 . K « Fourth Term of Full Stocking Equation 
B A S S 9 . K = Full Stocking Basal Area Relative to D.B.H. 
The above data and. equations identify fu l l stocking relative to 
8 9 
Table 7» Basal Area at Full Stocking versus 
Diameter at Breast Height 
Diameter Basal Area Basal Area 
at Breast (in Square Feet) (in Square Feet) 
Height in per Acre by per Acre by Full 
Inches Reference (17) Stocking Equation 
ii 119 119 




10 161 160.65 
12 167 166.63 
Iii 172 171.50 
16 175 175.28 
Table 8 . Growth Suppression Relative to 







Basal Area (Square 
Feet per Acre) at 
which Growth Sup­
pression i s Initi­






















100 78 1ii5 188 161 117 
90 70 130 1 6 9 161 105 
80 62.5 118 153 161 95 
70 105 137 161 85 
60 1.6.5 90 117 161 73 
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D.B.H. I t i s now necessary to determine at what percentage of full 
stocking growth suppression s t a r t s . Nelson, Lotti , Brender, and 
Trousdell (17) presented annual volume growth for various s i te indices 
and basal areas per acre. These data are used to identify the basal 
area per acre related to maximum volume growth, at 30 years, for 
various s i te indices. The basal area at maximum volume growth i s 
presented in Table 8 as a function of s i te index. 
The above data are based on 50 year s i te indices. The growth 
model i s based on 25 year s i t e indices. The two s i te indices are 
correlated by the height regression equation in subprogram h» Equivalent 
25 year and 56 year site indices are presented in Table 8. 
Growth suppression i s assumed to be the major cause of the reduced 
growth rate as the basal area becomes greater than the values (related to 
maximum growth rates) in Table 8. Therefore, growth suppression is as­
sumed to s tar t at basal areas that produce the maximum growth rate . 
In order to determine at what percent of ful l stocking suppression 
occurs, i t i s necessary to identify the D.B.H. values related to optimal 
growth rates because the full stocking basal areas are related to D.B.H. 
The maximum growth rate data for 90 foot s i t e index (130 square feet of 
basal area per acre at 30 years) are chosen as base data to relate the 
basal area at maximum growth rate and full stocking. Based on interpo­
lated data from Table 22 of the Forestry Handbook by Forbes (18), i t i s 
estimated that 10 inch D.B.H. trees would be grown on a 90 foot s i te with 
130 square feet of basal area per acre at 30 years. According to Table 
7, the fu l l stocking basal area for 10 inch D.B.H. trees i s 161 square 
feet of basal area per acre. 
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The data presented by Nelson, Lotti , Brender, Trousdell (17), and 
Forbes (18) are based on natural stands. Millar (11;) reports that most 
of the important softwood and hardwood species in the United States are 
intolerant of shade which means they grow best in stands of approximately 
the same age. Dyck (1) reports that properly planned and managed forests 
can produce productivity increases of over 30 percent. Millar's and 
Dyck's statements are interpreted to mean that geometrically oriented, 
even-aged forest stands have productivity approximately 30 percent 
greater than related natural stands. In view of th i s , i t i s assumed that 
the basal area related to optimal growths in forest plantations is approx­
imately 30 percent higher than related basal areas in natural stands. 
Therefore, the basal areas related to optimal annual growth for natural 
stands i s increased by 30 percent to account for improved growing condi­
tions related to plantation forest stands. The resulting increased 
basal areas are presented in Table 8. 
The increased basal area for plantation forest stands, at 90 foot 
s i te index, i s compared to the full stocking basal area for the 10 inch 
D.B.H. to determine the percent of fu l l stocking at which suppression i s 
in i t iated. I t i s assumed that the maximum growth basal areas at other 
s i te indices are similarly related to fu l l stocking at 10 inch D.B.H. 
values. The percent of ful l stocking for 10 inch D.B.H. at which sup­
pression is ini t iated i s computed for other s i te indices and presented 
in Table 8. 
The percentages of ful l stocking, in Table 8, are plotted relative 
to 2$ year s i te indices. This data closely f i t s a straight line between 
65 percent for s i te index 1+0 and 120 percent for s i te index 80. I t is 
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assumed that these percentages can be applied to ful l stocking at other 
D.B.H.s. 
The above data are used to determine the basal area (BASA5) at 
which growth suppression starts relative to s i te index and D.B.H. Com­
putation of BASA5> i s summarized as follows: 
5 9 A BAS10. K=TABLE(BAS11, SITEI, 2,0,80,1*0) 
C BAS11*0.65/1-20 
12A BASA5-K=(BASS9.K)(BAS1O.K) 
BAS10.K = Percent of Full Stocking at Which Growth Suppression 
Is Init iated 
BAS11* - Table Values for BAS10.K 
SITEI • Site Index of Land (SITEI is assigned values by 
subprogram 1.) 
BASS9.K - Basal Area Relative to D.B.H. at Full Stocking 
(BASS9.K i s in square feet per acre.) 
BASA5»K 83 Basal Area at Which Growth Suppression Is Init iated 
(BASA5 is in square feet per acre.) 
Subprogram 10 
This subprogram determines the degree that growth will be sup­
pressed between the current and next computational instants as compared 
to the growth between the prior and current computational instants . 
Growth suppression i s assumed to result from trees competing for 
growing space and nutrients. As the trees grow larger, their require­
ments increase while the growing space and nutrients remain constant. 
In view of th i s , i t i s assumed that suppression begins at a zero value 
and progressively increases unt i l growth ceases. 
Projections of basal area versus growth data (17) indicates that 
basal area growth i s completely suppressed at approximately 150 percent 
of the basal area at which suppression i s ini t iated. 
Therefore, i t i s expected that the slope of the basal area versus 
9 3 
age curve will progressively decrease from the slope of the curve where 
suppression is in i t iated. As age further increases, the curve should 
asymptotically approach zero slope at approximately 150 percent of the 
basal area value at which growth suppression is in i t iated. 
Subprogram 7 computes the basal area at the next computational 
instant when growth suppression occurs. The suppressed basal area 
(BASA3) is determined by requiring the basal area increase between cur­
rent and next computational instants to be a percentage (BASAU) of the 
basal area increase between the prior and current computational instants . 
The basal area suppression factor (BASAlO is assigned values so that 
growth is suppressed as described above (progressively decreasing slope 
when suppression i s initiated and asymptotically approaching zero slope 
at approximately 1 50 percent of the value of basal area (BASA5) at 
suppression ini t iat ion)• 
Experimentation was conducted to determine a means of computing 
values of BASAii (basal area suppression factor) that would produce the 
desired growth suppression. The desired curve results if BASAl* is assigned 
values linearly from 1.0 to 0.5 as values of BASA3 (raised to the U .2 
power) increase from 1 to 7 . B A S A 3 i s the ratio of BASAS to BASA5. 
BASAS is the basal area at the current computational Instant and i t i s 
computed by subprogram 7 * BASA5 is the basal area at which suppression 
i s Initiated and i t i s computed by subprogram 9 . 
The computation of BASAli i s summarized as follows: 
20A BASA3 .K-BASAS. K/BA.SA5 • K 
5 1 A BAXA9.K-CLIP(BASA3.K,1.0,BASA3.K,1.0) 
29A BAXA7.K-(U.20)LOGN(BAXA9.K) 




BASA3.K • Rat io of Basal Area a t Current Computational I n s t a n t 
to Basal Area a t Which Suppression I s I n i t i a t e d 
BASAS.K - Basal Area a t Current Computational I n s t a n t (BASAS.K 
i s computed by subprogram 6.) 
BASAS.K « Basal Area a t Which Suppression I s I n i t i a t e d (BASAS.K 
i s computed by subprogram 9.) 
BAXA9.K « CLIP Function (BAXA9.K i s equal 1 when BASA3.K i s 
l e s s than 1 or BAXA9.K i s equal BASA3.K when BASA3.K 
i s equal 1 or more.) 
B A X A 7 . K • Computational Fac tor for BAXA8.K 
BAXA8.K = Exponent ia l Function of B A S A 3 
BASTA* = Suppression Factor Values as a L inea r Funct ion of 
BAXA8.K 
BASAl+.K = Basal Area Suppression Factor 
Subprogram 11 
When suppress ion occur s , subprogram 8 computes the D.B.H sup­
p r e s s i o n f a c t o r s (BASLU). The D.B.H. suppress ion f a c t o r (BASLU) sup­
p r e s s e s D.B.H. va lues computed by the D.B.H. r e g r e s s i o n equa t ion i n 
subprogram 3* I t i s necessa ry t h a t the unsuppressed D.B.H. be suppressed 
so t h a t the b a s a l a rea (BASAS) a t t he cu r r en t computat ional i n s t a n t i s 
equal t o t he suppressed b a s a l a rea (BASAS) computed a t the p r i o r computa­
t i o n a l i n s t a n t . BASAS i s computed by subprogram 6 and BASA3 i s computed 
by subprogram 7. 
The value of BASlii for t h e c u r r e n t computat ional i n s t a n t i s com­
puted a t the p r i o r computat ional i n s t a n t . There fore , subprogram 8 r e ­
q u i r e s the value of the b a s a l a r ea r e s u l t i n g from the unsuppressed D.B.H. 
a t the next computat ional i n s t a n t i n order t o determine t h e value of BASLU 
requi red fo r the nex t computat ional i n s t a n t . 
This subprogram computes the unsuppressed b a s a l a r ea (BAXAS) a t 
t he next computat ional i n s t a n t . The unsuppressed D.B.H., a t t h e nex t 
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computat ional i n s t a n t (DBXT), i s computed by t h e same D.B.H. r e g r e s s i o n 
equat ion used i n subprogram 3 . The unsuppressed b a s a l a r e a , a t t h e next 
computat ional i n s t a n t (BAXAS), i s computed as BASAS i n subprogram 6. 
The computations f o r BAXAS a r e summarized a s fo l l ows : 
12A DBXA1.K-(XAGE.K)(SITEI) 
12A DBXA.K«(0.000219)(DBXA1.K) 
29A DBXB1 .K«(F)L0GN(XSTPA.K) 
12A DHXB.K-(O.23U5U0 (DBXB1 . K ) 
9A DBXL.K*(0.650712+DBXA.K-DBXB. K+DBHC. K) 




UUA BAXAS.K*8(BAXA5«K) (XSTPA.K)/1UU 
XAGE.K = Tree Age a t Next Computational I n s t a n t (XAGE.K i s 
computed by subprogram 2.) 
SITEI * S i t e Index of the Land (SITEI value i s ass igned by 
subprogram 1 . ) 
DBXA1 .K = Computational Fac tor f or DBXA.K 
DBXA.K = Second Term of D.B.H. Regress ion Equation 
F «* 1 (F i s a computat ional cons tant e s t a b l i s h e d by 
subprogram 1 . ) 
XSTPA.K = Estimated Harves table and Defect ive Trees a t Next 
Computational I n s t a n t (XSTPA.K i s computed by 
subprogram 5.) 
DBXB1.K = Computational Factor f o r DBXB.K 
DBXB.K = Third Term of D.B.H. Regress ion Equation 
DBXL.K * Common Logarithm of D.B.H. a t Next Computational I n s t a n t 
DBXL1.K = N a t u r a l Logarithm of D.B.H. a t Next Computational 
I n s t a n t 
X = 1 (X i s a computat ional c o n s t a n t e s t a b l i s h e d by 
subprogram 1 • ) 
DBXT.K = Unsuppressed D.B.H. a t Next Computational I n s t a n t 
BAXAT.K = Computational Fac tor f o r BAXA5.K 
BAXA5.K = Cross Sec t iona l Area of I n d i v i d u a l Tree a t Next 
Computational I n s t a n t (BAXA5.K i s i n square i n c h e s . ) 
BAXAS.K = Basal Area per Acre a t Next Computational I n s t a n t 
(BAXAS i s i n square f e e t . ) 
Subprogram 12 
The t r e e volume i s a f u n c t i o n of t r e e h e i g h t and t r e e D.B.H. The 
r e g r e s s i o n equat ion (16) for t r e e volume i n s i d e the bark a t a 3 inch 
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diameter top i s as follows: 
V3I2 « 0.002135(HGH)(DBH)2-0.693239 
This equation i s programmed as follows: 
13A VQIF.K-(DBH.K) (DBH.K) (HGH.K) 
12A V3H .K-(0.002135) (VOLF.K) 
7A V3I2.K=V3I1.K-0.693239 
= Tree D.B.H. (DBH.K is computed by subprogram 30 
- Tree Height (HGH.K i s computed by subprogram I*.) 
= Computational Factor for V3H »K 
- First Term of Tree Volume Regression Equation 
= Tree Volume Inside Bark Below a 3 Inch Diameter Top 
at Current Computational Instant (V3I2.K i s in 
cubic feet . ) 
Based on wood volume data compiled by Taras (19), i t i s estimated 
that there are 72 cubic feet of wood per cord. Based on th i s , the e s t i ­







V3I2.K m Tree Volume Inside Bark Below a 3 Inch Diameter Top 
at Current Computational Instant 
V3ITC.K • Trees, per Cord at Current Computational Instant 
The tree weight (V3IWT) i s estimated as follows: 
hhA V3IWT.K=(V3I2.K)(CDWP)/72 
V3I2.K 88 Tree Volume Inside Bark Below a 3 Inch Diameter Top 
at Current Computational Instant 
CDWT - Cord Weight (CDWT value i s assigned by subprogram 13 
of the economic model.) 
V3IWT.K s Merchantable Tree Weight at Current Computational 
Instant 
The harvester can only harvest 56 feet of a tree in a single 
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PROCESSING SEQUENCE* TREES ARE ESTIMATED TO HAVE 15 FEET OF TOP ABOVE 
THE 3 INCH TOP DIAMETER; THEREFORE, 65 FOOT HIGH TREES HAVE A 50 FOOT 
MERCHANTABLE STEM® 
TREES ARE NOT EXPECTED TO GREATLY EXCEED 65 FEET I N HEIGHT; THERE­
FORE, THE HARVESTER I S NOT RECYCLED TO PROCESS WOOD REMAINING I N TOPS OF 
TREES OVER 65 FEET I N HEIGHT* SUBPROGRAM 13 OF THE ECONOMIC MODEL E S T I ­
MATES THE PERCENTAGE (V3I70) OF THE MERCHANTABLE STEM THAT I S HARVESTED 
WHEN TREES ARE OVER 65 FEET H I G H . THE HARVESTABLE YIELD (V3I60) I S 
COMPUTED AS FOLLOWS: 
12A V 3 I U . K - ( H S T P A . K ) ( V 3 I 2 . K ) 
20A V 3 I 1 0 . K - V 3 I U . K / 7 2 
51A V 3 l 5 . K « a i P ( V 3 n O . K , 1 , V 3 I 1 0 . K , 1 ) 
1 2 A V3I60 .K-(V3I5 .K) (V3I70 .K) 
V 3 I 2 . K » TREE VOLUME I N S I D E BARK BELOW A 3 INCH DIAMETER TOP 
AT CURRENT COMPUTATIONAL INSTANT 
HSTPA.K » HARVESTABLE SURVIVING TREES AT CURRENT COMPUTATIONAL 
INSTANT (HSTPA«K I S COMPUTED BY SUBPROGRAM 5*) 
V 3 I U . K « YIELD PER ACRE AT CURRENT COMPUTATIONAL INSTANT 
( V 3 I 1 . . K I S I N CUBIC F E E T . ) 
V 3 I 1 0 . K • YIELD PER ACRE AT CURRENT COMPUTATIONAL INSTANT 
(V3I10 .K I S I N CORDS.) 
V3I5 .X • C L I P FUNCTION (V3I5 .K EQUALS 1 WHEN V3I10 .K I S L E S S 
THAN 1 OR V3I5 .K EQUALS V 3 I 1 0 . K WHEN V 3 I 1 0 . K EQUALS 
1 OR MORE.) 
V 3 I 7 0 . K • HARVESTABLE VOLUME ( V 3 I 7 0 . K ACCOUNTS FOR VOLUME THAT 
CANNOT BE HARVESTED I N A SINGLE PROCESSING SEQUENCE 
ON TREES OVER 65 FEET H I G H . V 3 I 7 0 . K I S COMPUTED 
BY SUBPROGRAM 1 3 OF THE ECONOMIC MODEL.) 
V3I60 .K • HARVESTABLE YIELD PER ACRE AT CURRENT COMPUTATIONAL 
INSTANT (V3I60.K I S I N CORDS.) 
THE HARVESTABLE YIELD PER ACRE PER YEAR AVERAGE ( V 3 I 6 1 ) I S 
COMPUTED AS FOLLOWS 1 
20A V3I61 .K-V3I60 .K/AGE.K 
98 
AGE.K • Age of Trees a t Current Computational Instant 
(AGE.K i s computed by subprogram 2.) 
V3I60.K • Harvestable Yield per Acre a t Current Computational 
Instant 




FOREST GROWTH I-DDEL EXPERIMENT AT TON AND RESULTS 
The f o r e s t growth model i s developed to determine tree and 
f o r e s t c h a r a c t e r i s t i c s r e l a t i v e t o f o r e s t p lanning and management a l t e r ­
n a t i v e s by model exper imenta t ion . The tree c h a r a c t e r i s t i c s considered 
i n the model exper imenta t ion a r e t r e e h e i g h t , D.B.H., weight , and volume; 
whereas t h e f o r e s t c h a r a c t e r i s t i c s considered a re y i e l d , s u r v i v a l , and 
t r e e d i s t r i b u t i o n . Fo re s t p lann ing a l t e r n a t i v e s considered i n the model 
exper imenta t ion a r e i n i t i a l p l a n t i n g dens i ty and t h e land s i t e index on 
which t h e t r e e s a r e p l a n t e d ; whereas t he f o r e s t management a l t e r n a t i v e 
considered i s the age a t which t h e f o r e s t i s ha rves t ed . 
The f o r e s t growth model i s run at s i t e i n d i c e s 1*0, £ 0 , 6 0 , 70, 
and 8 0 . For each s i t e index , i n i t i a l p l a n t i n g d e n s i t i e s a r e v a r i e d from 
2 0 0 t o 1 , 0 0 0 t r e e s per ac re i n increments of 1 0 0 t r e e s pe r a c r e . Time 
i s inc reased from p l a n t i n g t ime t o liO y e a r s i n 1 yea r i nc remen t s . The 
computed f o r e s t and t r e e c h a r a c t e r i s t i c s a r e supp l ied d i r e c t l y t o t he 
economic model t h a t i s run s imul taneous ly with t h i s model. 
The r e s u l t i n g t r e e and f o r e s t c h a r a c t e r i s t i c s a re p r i n t e d and 
p l o t t e d a t each subsequent yea r a f t e r p l a n t i n g . The r e s u l t i n g data a r e 
p l o t t e d fo r 1 0 t o 1*0 yea r s and p r e s e n t e d i n f i g u r e s a s fo l l ows : 
( 1 ) Tree Height ve r sus Age for Trees on Land wi th S i t e I n d i c e s 
hO t o 8 0 i s Figure h-
( 2 ) Su rv iva l ve rsus Age for I n i t i a l P l a n t i n g D e n s i t i e s of 2 0 0 t o 
1 0 0 
1,000 T r e e s p e r A c r e o n L a n d w i t h : S i t e I n d e x 1*0 i s F i g u r e 15, S i t e I n d e x 
50 i s F i g u r e 1 6 , S i t e I n d e x 60 i s F i g u r e 5, S i t e I n d e x 70 i s F i g u r e 17, 
a n d S i t e I n d e x 80 i s F i g u r e 1 8 . 
(3) D i a m e t e r a t B r e a s t H e i g h t v e r s u s A g e f o r I n i t i a l P l a n t i n g 
D e n s i t i e s o f 200 t o 1,000 T r e e s p e r A c r e o n L a n d w i t h : S i t e I n d e x 1*0 i s 
F i g u r e 1 9 , S i t e I n d e x 50 i s F i g u r e 20, S i t e I n d e x 60 i s F i g u r e 6, S i t e 
I n d e x 70 i s F i g u r e 21, a n d S i t e I n d e x 80 i s F i g u r e 22. 
(k) B a s a l A r e a v e r s u s A g e f o r I n i t i a l P l a n t i n g D e n s i t i e s o f 200 
t o 1,000 T r e e s p e r A c r e o n L a n d w i t h : S i t e I n d e x 1*0 i s F i g u r e 23, S i t e 
I n d e x 50 i s F i g u r e 21*, S i t e I n d e x ; 60 i s F i g u r e 7, S i t e I n d e x 70 i s F i g u r e 
25, a n d S i t e I n d e x 80 i s F i g u r e 26. 
(5) H a r v e s t a b l e Y i e l d v e r s u s A g e f o r I n i t i a l P l a n t i n g D e n s i t i e s 
o f 200 t o 1,000 T r e e s p e r A c r e o n L a n d w i t h : S i t e I n d e x 1*0 i s F i g u r e 
27, S i t e I n d e x 50 i s F i g u r e 28, S i t e I n d e x 60 i s F i g u r e 8, S i t e I n d e x 70 
i s F i g u r e 29, a n d S i t e I n d e x 8 0 i s F i g u r e 30. 
(6) M e r c h a n t a b l e S t e m W e i g h t v e r s u s A g e f o r I n i t i a l P l a n t i n g D e n ­
s i t i e s o f 200 t o 1,000 T r e e s p e r A c r e o n L a n d w i t h : S i t e I n d e x 1*0 i s 
F i g u r e 31, S i t e I n d e x 50 i s F i g u r e 32, S i t e I n d e x 60 i s F i g u r e 9, S i t e 
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Figure 6 . Diameter at Breast Height versus Age for I n i t i a l Planting Den­
s i t ies of 2 0 0 to 1 , 0 0 0 Trees per Acre on Land with Site 
Index 6 0 
Figure 7 . Basal Area ve r sus Age f o r I n i t i a l P l a n t i n g D e n s i t i e s of 200 
t o 1,000 Trees pe r Acre on Land wi th S i t e Index 60 
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Figure 8. Harvestable Yield versus Age for In i t ia l Planting Densities 
of 200 to 1,000 Trees per Acre on Land with Site Index 60 
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Figure 9« Merchantable Stem Weight versus Age for In i t ia l Planting 
Densities of 200 to 1,000 Trees per Acre on Land with 




Discussion of the Economic Model 
It is desirable to economically evaluate the proposed harvester 
design in conjunction with forest planning and management alternatives. 
An economic evaluation is desirable because of management objectives of 
the independent landowner and the paper company. The private landowner 
normally desires to plan, manage, and harvest the forest so as to obtain 
the maximum return on investments and expenses; whereas the goal of the 
paper company is to plan, manage, and harvest the forest so as to reduce 
wood cost to a minimum. 
An economic simulation model is developed to evaluate the harvest­
er's design in conjunction with forest planning and management alterna­
tives relative to economically oriented management objectives. 
The forest is a long-term investment and there are many factors 
that affect the rate of return and wood cost. The economic model is 
designed to determine initial investments, initial expenses, follow-on 
expenses, and harvesting expenses related to the machine design and forest 
planning and management alternatives. All costs are based on their value 
at planting time and economics factors such as inflation. The forest 
asset value at harvesting time, is also determined by the economic model. 
The initial investment is the land value at planting time. The 
land value is assumed to be a linear function of the site index. 
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The in i t ia l expenses are costs related to site clearing, s i te 
preparation, and planting. Site clearing is only required for the i n i t i a l 
plantation planting. The site preparation is the clearing of small under­
brush and soil preparation. The planting cost considered is the tree 
seedling and planting costs. 
The follow-on expenses consist of annual taxes and management 
costs. These costs are a function of inflation and their related costs 
at planting time. 
The harvesting cost is based on harvester performance, harvester 
operating cost at planting time, and inflation. The harvester's perform­
ance is determined relative to tree and forest characteristics based on 
the results of the harvester simulation model and the forest growth model. 
The harvester operating cost computations are contained in Appendix I I . 
In the case of the private landowner, the economic model is designed with 
an allowance for harvesting cost. If the harvesting cost is different 
from this allowance, the stumpage price is adjusted to compensate for the 
difference. In the case of the paper company, the harvesting cost, minus 
the harvesting cost allowance, is added to the cost of the wood. 
The investment value at harvesting time is a function of inflation, 
stumpage price at planting time, forest yield, harvesting cost, and land 
value. 
The landowner's rate of return and the paper company's wood cost 
are determined relative to the harvester design and forest planning and 
management alternatives. The results of the economic model are used to 
identify forest planning and management alternatives related to maximum 
rate of return and minimum wood cost. The results of the forest growth 
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model a r e u t i l i z e d t o determine the t r e e and f o r e s t c h a r a c t e r i s t i c s 
r e l a t e d t o t h e maximum r a t e of r e t u r n and minimum wood c o s t . The p r o ­
posed h a r v e s t e r design needs to be r e f i ned i n accordance with t h e t r e e 
and f o r e s t c h a r a c t e r i s t i c s r e l a t e d t o t h e optimal f o r e s t p lanning and 
management a l t e r n a t i v e s . 
The landowner 's r a t e of r e t u r n i s computed from t h e r a t i o of t h e 
i n i t i a l va lue a t p l a n t i n g time of a l l inves tments and expenses to l and 
value and ha rves ted wood value a t ha rves t i ng t ime . The above r a t e of 
r e t u r n da ta i s computed for p lanning and management a l t e r n a t i v e s when 
s i t e c lea rance i s r e q u i r e d as w e l l as when s i t e c learance i s not r e q u i r e d . 
The landowner ' s r a t e of r e t u r n i s computed before income t axes a r e 
deducted. 
The paper company's wood cos t i s computed as t h e summation of a l l 
f o r e s t inves tments , f o r e s t expenses , and h a r v e s t i n g expenses (minus 
h a r v e s t i n g cos t a l lowance) . The wood cos t r e l a t e d t o p lanning and manage­
ment a l t e r n a t i v e s i s computed fo r cases where the paper company d i v e r t s 
p r o f i t s ( a f t e r t axes ) from i n d u s t r i a l inves tments i n t o f o r e s t i nves tmen t s . 
These a l t e r n a t i v e s a r e cons idered for s i t e c l e a r i n g cos t requi rements as 
we l l a s no s i t e c l e a r i n g cos t r equ i rements . The paper company's wood 
cos t i s a l s o computed r e l a t i v e t o p lanning and management a l t e r n a t i v e s 
when t h e paper company borrows funds fo r f o r e s t inves tments as they a r e 
r e q u i r e d . These a l t e r n a t i v e s a r e cons idered only when s i t e c l e a r a n c e i s 
r e q u i r e d . 
Development of t h e Economic Model 
The economic model i s programmed i n DYNAMO computer language ( 1 2 ) . 
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This language is used because of its adaptability for dynamic feedback 
systems in business, economics, or engineering and its ability to trans­
late mathematical models into tabulated and plotted results. The forest 
growth model and the economic model are combined into a single computer 
model and they are run simultaneously. It is desirable to combine the 
two models due to common time basis and extensive data flow from the 
forest growth model to the economic model. 
The forest growth model is identified as Section I of the combined 
model, whereas the economic model is identified as Section II. The forest 
growth model is made up of subprograms 1 through 1 2 and the economic 
model is made up of subprograms 1 3 through 2 3 - The combined models and 
sample printout are contained in Appendix III. 
The purpose of each of the 1 1 subprograms of the economic model 
is as follows: 
( 1 ) Subprogram 1 3 computes the harvesting cost per cord at 
harvesting time. 
( 2 ) Subprogram. *\k computes the value, at planting time, of all 
expenses related to planting and growing the forest. 
( 3 ) Subprogram 1 £ computes the land value at 1 year increments 
after planting. 
(h) Subprogram 1 6 computes the stumpage prices at 1 year increments 
after planting. 
( 5 ) Subprogram 1 7 computes the annual taxes at 1 year increments 
after planting. 
(6) Subprogram 1 8 computes the annual management costs at 1 year 
increments after planting. 
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(7) Subprogram 19 computes the harvester's hourly operating costs 
at 1 year increments after planting. 
(8) Subprogram 20 computes the harvesting cost allowance at 1 
year increments after planting. 
(9) Subprogram 21 computes discount factors for follow-on expenses 
which are invested unt i l required. 
(10) Subprogram 22 computes the rate of return for the landowner 
at 1 year increments after planting. 
(11) Subprogram 23 computes the wood growing costs, adjusted for 
harvesting costs, for the paper company at 1 year increments after 
planting. 
Development of each of the economic model subprograms is 
discussed in detai l . 
Subprogram 13 
The harvesting cost per cord i s a function of operating cost and 
the production rate . The operating cost i s a function of the operating 
cost at planting time and economic factors such as inflation, and the 
production rate i s a function of the harvester design and the character­
i s t i cs of the trees and forest. 
The harvester simulation model i s used to determine the processing 
cycle time per tree relative to i n i t i a l planting density, survival, and 
tree size. The harvester simulation model is used f i r s t to determine the 
processing cycle time for the 5 inch D.B.H. trees as a function of i n i t i a l 
planting density and survival percentages. These data are recorded in Table 
2. The harvester simulation model i s then used to determine the processing 
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t ime pe r t r e e a t 700 t r e e s pe r ac r e i n i t i a l p l a n t i n g dens i ty a s a f u n c t i o n 
of D.B.H. These da ta a r e used t o determine t h e d i f f e r ence i n t h e p r o ­
cess ing t ime fo r t h e 5 i nch D.B.H. t r e e s r e l a t i v e t o t r e e s w i t h o t h e r 
D.B.H.s . The r e s u l t i n g da t a a r e used t o determine c o r r e c t i o n a l va lues t o 
a d j u s t t h e 5 inch D.B.H. cyc le t ime fo r o the r D.B.H.s . The r e s u l t i n g 
c o r r e c t i o n a l va lues fo r k su rv iv ing ranges i s p r e s e n t e d i n Table 3« I t 
was determined t h a t t h e s e c o r r e c t i o n a l va lues fo r o the r D.B.H.s r e s u l t e d 
i n n e g l i g i b l e e r r o r s when uni formal ly a p p l i e d f o r i n i t i a l p l a n t i n g 
d e n s i t i e s o t h e r than 700 t r e e s pe r a c r e . 
The f o r e s t growth model, which runs s imul taneous ly with t h e 
economic model, determines t r e e s i z e and s u r v i v a l a s a func t ion of i n i t i a l 
p l a n t i n g d e n s i t y , s i t e index , and age . The economic model uses t h e s e 
da ta i n conjunct ion wi th t h e da t a from t h e h a r v e s t e r model (as r eco rded 
i n Tables 2 and 3) t o determine t h e h a r v e s t e r p rocess ing t ime p e r t r e e 
r e l a t i v e t o t r e e and f o r e s t c h a r a c t e r i s t i c s as determined by f o r e s t 
p lanning and management. 
The da ta i n Table 2 a r e madle a v a i l a b l e t o t h e economic model by 
TABHL func t ions (CCF22 through C C F 3 0 ) f o r each i n i t i a l p l a n t i n g dens i ty 
(TPA). Each of t h e TABHL func t ions i s a funct ion of s u r v i v a l (SURP). 
The TABHL func t ions (CCF22 through CCF30) a r e m u l t i p l i e d by r e l a t e d SWITCH 
func t ions (CCF12 through CCF22) t o compute p rocess ing t ime terms (CCFl|2 
th rough CCF^O) f o r t r e e s wi th f> inch D.B.H. The SWITCH func t ions a r e 
equa l t o 1 o r 0 r e l a t i v e t o va lues of t h e SWITCH func t ion c o n t r o l f a c t o r s 
(CCF02 through CCF10). I f t h e SWITCH func t ions a r e equa l t o 1 , t h e i r 
r e l a t e d SWITCH func t ion c o n t r o l f a c t o r s a r e equal t o 0 o r i f t h e SWITCH 
func t ions a r e equa l t o 0 , t h e i r r e l a t e d SWITCH func t ion c o n t r o l f a c t o r s 
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are not equal to 0 . The SWITCH function control factors are equal to 0 
only for specific initial planting densities (TPA). Therefore, all the 
processing time per tree terms (CCFl|2 through CCF5>0) for 5 inch D.B.H.s 
are equal to 0 except the one related to the initial planting density 
(TPA) being considered for this particular simulation run. The processing 
time term, related to the specified initial planting density (TPA), is 
equal to the related TABHL function (CCF22 through C C F 3 0 ). The harvester 
processing time per tree ( C C F 5 3 ) . for 5 inch D.B.H. trees relative to 
initial planting densities (TPA) and survival, is equal to the sum of the 
processing time terms (CCFu2 through CCF5>0) of which all but the one re-
lated to the specified initial planting density (TPA) are equal to 0 . 
The harvester processing time per £ inch D.B.H. trees is then 
corrected by the processing time correctional term ( C C F 7 8 ) for trees with 
D.B.H.s other than $ inches. The processing time per tree correctional 
term (CCF78) is computed from correctional values recorded in Table 3« 
The correctional values in Table 3 are made available to the economic 
model by h TABLE functions (CCF61, CCF66, C C F 7 1, and CCF75) for h ranges 
of survival. Each of these TABHL functions is a function of D.B.H. Each 
of the TABHL functions are multiplied by related CLIP functions ( C C F 6 0 , 
CCF61i, CCF65, C C F 6 9 , C C F 7 0 , and CCF7u). These CLIP functions are equal 
to 1 or 0 . The logic of the CLIP functions is so that the TABHL function, 
related to the survival being considered by the economic model, is multi­
plied by 1 and the other 3 TABHL functions are multiplied by 0 . Survival/ 
D.B.H. correctional values (CCF63, C C F 6 8 , CCF73, and CCF77) are the re­
sulting products of the k TABHL functions and their related CLIP functions. 
The processing time per tree correctional term (CCF78) is the sum of the 
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s u r v i v a l / D . B . H . c o r r e c t i o n a l v a l u e s (CCF63, CCF68, CCF73, a n d CCF77)• 
T h e h a r v e s t e r p r o c e s s i n g t i m e p e r t r e e (CCF79) i s e q u a l t o t h e s u m o f t h e 
p r o c e s s i n g t i m e p e r t r e e ( C C F 5 3 ) f o r 5 i n c h D . B . H . t r e e s a n d t h e p r o ­
c e s s i n g t i m e p e r t r e e c o r r e c t i o n a l t e r m (CCF78). 
T h e a b o v e c o m p u t a t i o n s f o r i n i t i a l p l a n t i n g d e n s i t y ( T P A ) o f 500 
t r e e s p e r a c r e a n d 75 p e r c e n t s u r v i v a l a r e s u m m a r i z e d b e l o w . E q u a t i o n s 
a n d c o m p u t a t i o n s f o r o t h e r p l a n t i n g d e n s i t i e s a n d s u r v i v a l a r e s i m i l a r . 
7A CCF05.K=+TPA-500 
U9A CCF15 . K = S W T T C H (1 . 0 , 0 . 0 , C C F 0 5 . K ) 
5 8 A CCF25 . K = T A B H L ( C C F 3 5 , S U R P . K , 0 . 5 , 1 . 0 , 0 . 0 5 ) 
C CCF35*=21.7/20.5/19. ii/18.523/17.7 50/17.088/16.503/ 
15.9/15.14/1̂ .9/11*.5 
12A CCF1+5.K=(CCF15.K)(CCF25.K) 
8 A CCF51 • K = + C C F l + 2 . K + C C F l i 3 . K + C C F l i l * . K 
10A CCF52 . K = + C C F l i 5 . K + C C F l ; 6 . K + C C F l + 7 . K+CCFI18. K+CCFlt9 • K 
+CCF50 . K 
7A CCF53 • K=+CCF51 . K + C C F 5 2 . K 
51A CCF69 .K=CLIP(+1 « 0 , 0 . 0 , S U R P .K,0.725) 
51A C C F 7 0 . K = C L I P ( - 1 . 0 , 0 . 0 , S U R P . K , 0 . 775 ) 
58A CCF71 . K = T A B H L ( C C F 7 2 , D B H . K , l i . 0 , 1 2 . 0 , 1 . 0 ) 
C CCF72#=-0.333/+0.000/+0.333/+0.775/+1.115/+1.1*53/ 
+2.313/+3.173/+li.033 
18A C C F 7 3 . K = ( C C F 7 1 .K)(CCF69 .K+CCF70.K) 
9A CCF78.K=+CCF63.K+CCF68 .K+CGF73•K+CCF7 7.K 
7A C C F 7 9 . K=+CCF53•K+CCF78.K 
T P A = I n i t i a l P l a n t i n g D e n s i t y ( T P A i s i n t r e e s p e r a c r e 
a n d t h e v a l u e i s a s s i g n e d b y s u b p r o g r a m 5 o f t h e 
f o r e s t g r o w t h m o d e l . ) 
CCF05 .K = S W I T C H F u n c t i o n C o n t r o l F a c t o r f o r 500 T r e e s p e r A c r e 
CCF15 . K = S W I T C H F u n c t i o n (CCF15«K i s e q u a l 1 i f CCF05 . K i s 
e q u a l 0 o r CCF15•K i s e q u a l 0 i f CCF05 . K i s n o t 
e q u a l 0.) 
S U R P . K = S u r v i v a l P e r c e n t a g e a t t h e C u r r e n t C o m p u t a t i o n a l 
I n s t a n t ( S U R P . K i s c o m p u t e d b y s u b p r o g r a m 5 o f t h e 
f o r e s t g r o w t h m o d e l . ) 
CCF25 . K = T A B H L F u n c t i o n f o r H a r v e s t e r P r o c e s s i n g T i m e p e r T r e e 
f o r 5 i n c h D . B . H . a n d I n i t i a l P l a n t i n g D e n s i t y o f 
500 T r e e s p e r A c r e (CCF25»K i s a f u n c t i o n o f S U R P . K 
a s c o m p u t e d b y t h e h a r v e s t e r s i m u l a t i o n m o d e l a n d 
r e c o r d e d i n T a b l e 2 . ) 
CCF35* = P r o c e s s i n g T i m e p e r H a r v e s t a b l e T r e e D a t a f r o m T a b l e 2 
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C C F l * 2 . K 
= 
P r o c e s s i n g T i m e T e r m 
P l a n t i n g D e n s i t y 
f o r 2 0 0 T r e e s p e r A c r e , I n i t i a l 
C C F ) 4 3 . K P r o c e s s i n g T i m e T e r m 
P l a n t i n g D e n s i t y 
f o r 3 0 0 T r e e s p e r A c r e , I n i t i a l 
C C F l * l * . K — P r o c e s s i n g T i m e T e r m 
P l a n t i n g D e n s i t y 
f o r 1*00 T r e e s p e r A c r e , I n i t i a l 
CCFl*5 .K - P r o c e s s i n g T i m e T e r m 
P l a n t i n g D e n s i t y 
f o r 500 T r e e s p e r A c r e , I n i t i a l 
C C F 4 6 . K P r o c e s s i n g T i m e T e r m 
P l a n t i n g D e n s i t y 
f o r 6 0 0 T r e e s p e r A c r e , I n i t i a l 
C C F i ; 7 . K = P r o c e s s i n g T i m e T e r m 
P l a n t i n g D e n s i t y 
f o r 7 0 0 T r e e s p e r A c r e , I n i t i a l 
C C F l - 8 . K — P r o c e s s i n g T i m e T e r m 
P l a n t i n g D e n s i t y 
f o r 8 0 0 T r e e s p e r A c r e , I n i t i a l 
C C F 4 9 . K = P r o c e s s i n g T i m e T e r m f o r 9 0 0 T r e e s p e r A c r e , I n i t i a l 
P l a n t i n g D e n s i t y 
C C F ^ O . K = P r o c e s s i n g T i m e T e r m f o r 1 , 0 0 0 T r e e s p e r A c r e , 
I n i t i a l P l a n t i n g D e n s i t y 
CCF51.K = S u m o f P r o c e s s i n g T i m e T e r m s f o r 2 0 0 , 3 0 0 , a n d 1*00 
T r e e s p e r A c r e , I n i t i a l P l a n t i n g D e n s i t y 
CCF5>2.K = S u m o f P r o c e s s i n g T i m e T e r m s f o r 500, 6 0 0 , 7 0 0 , 8 0 0 , 
9 0 0 , a n d 1 , 0 0 0 T r e e s p e r A c r e , I n i t i a l P l a n t i n g 
D e n s i t y 
C C F 3 > 3 . K = S u m o f a l l P r o c e s s i n g T i m e T e r m s 
CCF69.K = C L I P F u n c t i o n (CCF69•K i s e q u a l 0 w h e n S U R P . K i s 
l e s s t h a n 0.725 o r C C F 6 9 . K i s e q u a l 1 w h e n S U R P . K 
i s e q u a l t o o r g r e a t e r t h a n 0 . 7 2 5 0 
C C F 7 0 . K = C L I P F u n c t i o n ( C C F 7 0 . K i s e q u a l 0 w h e n S U R P . K i s 
l e s s t h a n 0.775 o r C C F 7 0 . K i s e q u a l - 1 . 0 w h e n S U R P . K 
i s e q u a l t o o r g r e a t e r t h a n 0 . 7 7 5 0 
D B H . K = D i a m e t e r a t B r e a s t H e i g h t a t T h i s C o m p u t a t i o n a l I n s t a n t 
( D B H . K i s c o m p u t e d b y s u b p r o g r a m 3 o f t h e f o r e s t g r o w t h 
m o d e l 0 
C C F 7 1 . K = T A B H L F u n c t i o n f o r P r o c e s s i n g T i m e p e r T r e e C o r r e c t i o n a l 
V a l u e s R e l a t i v e t o D . B . H . a n d S u r v i v a l B e t w e e n 7 2 . 5 
a n d 7 7 . 5 P e r c e n t ( C C F 7 1 . K v a l u e s a r e c o m p u t e d b y t h e 
h a r v e s t e r s i m u l a t i o n m o d e l a n d r e c o r d e d i n T a b l e 3 . ) 
C C F 7 2 * = P r o c e s s i n g T i m e p e r T r e e C o r r e c t i o n a l D a t a f r o m T a b l e 3» 
C C F 7 3 . K = S u r v i v a l / D . B . H . C o r r e c t i o n a l V a l u e s f o r S u r v i v a l P e r ­
c e n t a g e s 7 2 . 5 t o 77 .5 ( C L I P f u n c t i o n s CCF69.K a n d 
CCF70.K w o r k t o g e t h e r t o m a k e C C F 7 3 . K e q u a l C C F 7 1 - K 
w h e n s u r v i v a l i s i n t h e r a n g e o f 7 2 . 5 t o 77•5 p e r c e n t . 
T h e C L I P f u n c t i o n m a k e s C C F 7 3 « K e q u a l 0 w h e n s u r v i v a l 
i s n o t i n t h e r a n g e o f 7 2 . 5 t o 7 7 . 5 p e r c e n t . ) 
CCF63.K = S u r v i v a l / D . B . H . C o r r e c t i o n a l V a l u e s f o r S u r v i v a l P e r ­
c e n t a g e s L e s s t h a n 67.5 P e r c e n t 
CCF68.K = S i i r v i v a l / D . B . H . C o r r e c t i o n a l V a l u e s f o r S u r v i v a l P e r ­
c e n t a g e s o f 67 .5 t o 7 2 . 5 P e r c e n t 
C C F 7 7 - K = S u r v i v a l / D . B . H . C o r r e c t i o n a l V a l u e s f o r S u r v i v a l P e r ­
c e n t a g e s G r e a t e r t h a n 77*5 P e r c e n t 
1 1 6 
CCF78.K = Sum of Survival/D.B.H. Correctional Values for the 
Four Survival Ranges 
CCF79.K = Harvester Processing Time per Tree (CCF79-K is in 
seconds.) 
The harvester processing time per tree ( C C F 7 9 ) is used to compute 
the time required to process a grapple load (CCF81). The trees per storage 
grapple load (CCF80) are computed as the product of cords per grapple load 
(CDPL) and harvestable trees per cord (VITC). 
The cords per grapple load (CDPL) are computed by dividing the 
weight of a storage grapple load (LOAD) by the estimated weight per cord 
(CDWT). The weight of the storage grapple load (LOAD) is assigned 1 3 , 0 0 0 
pounds due to the harvester design. The estimated cord weight (CTMT) is 
5 , 1 * 0 0 pounds. The estimated cord weight (CDWT) of 5 , 1 + 0 0 pounds is based 
on data compiled by Taras ( 1 9 ) • 
The harvestable trees per cord (VTTC) is computed by dividing the 
trees per cord at a 3 inch top (V3ITC) by the percentage of the tree that 
is harvestable ( V 3 I 7 0 ) . The trees per cord at a 3 inch top ( V 3 3 T C ) are 
computed by regression equations ( 1 6 ) in subprogram 1 2 of the forest growth 
model. The harvester can harvest only 5 0 feet of a tree in a single pro­
cessing sequence. Trees are estimated to have 1 5 feet of tree above a 3 
inch top. Therefore, trees over 6 5 feet are expected to have a merchant­
able stem of more than 5 0 feet long. Since trees are not expected to be 
much higher than 6 5 feet at optimal harvesting time, it is considered 
more economical not to recycle the harvester for the small volume of wood 
in tops of trees slightly over 6 5 feet in height. The percentage of 
merchantable wood in the 5 0 foot stem of a tree over 6 5 feet high is es­
timated by V 3 I 7 0 . 
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T h e p e r c e n t a g e of m e r c h a n t a b l e t r e e v o l u m e t h a t i s h a r v e s t a b l e 
( V 3 I 7 0 ) i s e s t i m a t e d by a s s u m i n g t h a t t h e t r e e i s a r i g h t c i r c u l a r c o n e 
t h e h e i g h t o f t h e t r e e a n d t h e r e a r e 1 ^ f e e t of t o p a b o v e t h e 3 i n c h 
d i a m e t e r . T h e v o l u m e of a r i g h t c i r c u l a r c o n e i s c o m p u t e d by t h e 
f o l l o w i n g e q u a t i o n : 
V o l u m e = ( 1 / 3 ) ( B a s e ) ( H e i g h t ) 
T h e p e r c e n t a g e o f w o o d t h a t i s h a r v e s t a b l e ( V 3 I 7 0 ) i s c o m p u t e d b y t h e 
f o l l o w i n g f o r m u l a : 
V 3 I 7 0 = 1 - ( V o l u m e a b o v e ^ 0 F e e t ) - ( V o l u m e i n Foot Top) 
( T o t a l V o l u m e ) - ( V o l u m e i n 1 5 F o o t T o p ) 
T h e p e r c e n t a g e o f h a r v e s t a b l e w o o d ( V 3 I 7 0 ) i s m a n u a l l y c o m p u t e d f o r 
t r e e s 6 5 t o 1 0 0 f e e t h i g h a n d i s r e c o r d e d i n T a b l e 9 . T h e h a r v e s t e r c a n 
h a r v e s t a l l o f t h e m e r c h a n t a b l e v o l u m e o f t r e e s l e s s t h a n 6 5 f e e t h i g h . 
T h e v a l u e s o f V 3 I 7 0 a r e p r o g r a m m e d i n t h e m o d e l b y a T A B H L f u n c t i o n . 
C o m p u t a t i o n s f o r c o m p u t i n g t h e g r a p p l e l o a d p r o c e s s i n g t i m e ( C C F 8 1 ) 
a r e s u m m a r i z e d b e l o w : 
C C D W T = 5 ? u 0 0 
C L 0 A D = 1 3 , 0 0 0 
2 0 A C D P L . K = L 0 A D . K / C D W T „ K 
5 8 A V 3 I 7 0 . K « T A B H L ( V 3 I 7 1 , H G H . K , 6 5 , 1 0 0 , 1 ) 
C V 3 I 7 1 * = 1 . 0 0 / . 9 9 6 6 / . 9 9 5 7 / . 9 9 2 2 / . 9 8 9 U / . 9 8 6 5 / 
. 9 8 3 7 / . 9 8 0 5 / . 9 7 7 U / . 9 7 U 2 / . 9 7 1 0 / . 9 6 7 6 / 
. 9 6 4 2 / . 9 6 0 8 / . 9 5 7 a / . 9 5 3 1 / . 9 5 0 3 / . 9 U 6 6 / 
. 9 U 2 9 / . 9396/. 9 3 5 5 / . 9 3 2 1 / . 9 2 7 7 / . 9 2 1 * 2 / 
. 9 2 0 6 / . 9 1 6 7 / . 9 1 3 0 / . 9 0 8 9 / . 9 0 5 2 / . 9 0 1 9 / 
. 8 9 7 7 / . 8 9 3 8 / . 8 9 0 2 / . 8 8 6 1 / . 8 8 2 5 / . 8 7 8 0 
2 0 A V T T C . K = V 3 I T C . K A 3 I 7 0 . K 
1 2 A C C F 8 0 . K = ( V T T C . K ) ( C D P L . K ) 
1 2 A C C F 8 1 . K « = ( C C F 8 0 . K ) ( C C F 7 9 . K ) 
CDWT - W e i g h t p e r C o r d i n P o u n d s 
118 
Table 9. Percentage of Merchantable Stem That is 
Harvestable for Trees Over 65 Feet High 
Tree Percentage of Tree Percentage of 
Height Merchantable Stem Height Merchantable Stem 
(Feet) That is Harvestable (Feet) That is Harvestable 
65 100 83 914.29 
66 99.66 Sk 93.96 67 99.57 85 93.55 68 99.22 86 93.21 69 98.9U 87 92.77 70 98.6* 88 92.U2 
71 98.37 89 92.06 72 98.05 90 91.67 73 97.7)4 91 91.30 
7U 97.U2 92 90.89 
75 97.10 93 90.52 
76 96.76 9h 90.19 
77 96. k2 95 89.77 
78 96.08 96 89.38 
79 95.7U 97 89.02 80 95.31 98 88.61 81 95.03 99 88.25 82 9U.66 100 87.80 
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LOAD = Weight of a Grapple Load 
CDPL.K = Cords per Grapple Load 
V3I70.K = TABHL Function for Estimating Percentage of 
Merchantable Stem That is Harvestable for Trees over 
6 5 Feet High 
V 3 I 7 1 *
 s Values for TABHL Functions as Recorded in Table 9 
HGH.K ** Tree Height at This Computational Instant (HGH.K i s 
in feet and is computed by subprogram h of the forest 
growth model.) 
V3ITC.K = Trees per Cord Based on Merchantable Volume (V3ITC .K 
i s computed on stem volume below a 3 inch top and 
V3ITC .K i s computed by subprogram 1 2 of the tree 
growth model.) 
VTTC.K = Trees per Cord Based on Harvestable Volume 
CCF80.K = Trees per Grapple Load 
CCF79-K - Harvester Processing Time per Tree (CCF79.K i s in 
seconds.) 
CCF81.K = Grapple Load Processing Time 
The harvester's operator i s alerted by the harvester's hydraulic 
suspension system when a 1 3 , 0 0 0 pound load i s supported by the harvester. 
After the load signal i s given and after the shear i s raised from the 
stump of the last t ree , the operator moves the machine into position to 
deposit the load on the ground while the harvester automatically completes 
processing of the last tree in the load. The time to finish processing 
the last tree i s computed by the harvester simulation model. These data, 
as a function of D.B.H!., are recorded in Table 5 « The time to process the 
grapple load and the time to deposit the load are added together to deter­
mine the to ta l harvester operating time per load. Since the time to pro­
cess the las t tree i s counted twice as dual time ( C C F 8 2 ) , i t i s subtracted 
from the grapple load processing time (CCF81 ) to compute the effective 
grapple load processing time (CCF8I4 ) . The dual time ( C C F 8 2 ) is made 
available to the economic model by a TABHL function. 
The time required for the harvester to get into position and unload 
the grapple (CCF85) i s the sum of: TWTI1, BUPT1, LMTI1, IGCT1, TWTI2, 
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a n d RMTI1. TWTI1 i s t h e e s t i m a t e d t i m e ( 3 s e c o n d s ) r e q u i r e d t o t u r n t h e 
h a r v e s t e r w h e e l s . B U P T 1 i s t h e e s t i m a t e d t i m e ( 1 0 s e c o n d s ) r e q u i r e d t o 
back u p 2 0 f e e t . L M T I 1 i s t h e e s t i m a t e d t i m e ( 2 s e c o n d s ) r e q u i r e d t o 
l o w e r t h e m a c h i n e . I G C T 1 i s t h e e s t i m a t e d t i m e ( 1 s e c o n d ) r e q u i r e d t o 
i n i t i a t e o p e n i n g o f t h e g r a p p l e . TWTI2 i s t h e e s t i m a t e d t i m e (6 s e c o n d s ) 
r e q u i r e d t o t u r n w h e e l s f u l l y i n t h e o p p o s i t e d i r e c t i o n . R M T I 1 i s t h e 
e s t i m a t e d t i m e (h s e c o n d s ) r e q u i r e d t o r a i s e t h e m a c h i n e . 
T h e t i m e r e q u i r e d f o r t h e t o t a l u n l o a d i n g s e q u e n c e ( C C F 8 7 ) i s t h e 
s u m o f : C C F 8 6 , B U P T 2 , T W T I 3 , I R G C T , P F W T 1 , a n d I L G C T . C C F 8 6 i s e q u a l t o 
t h e m a x i m u m o f t h e t i m e t o p o s i t i o n a n d u n l o a d t h e g r a p p l e (CCF85) o r t h e 
t i m e t o c o m p l e t e p r o c e s s i n g o f t h e l a s t t r e e (CCF82). T h i s is n e c e s s a r y 
b e c a u s e t h e u n l o a d i n g o f t h e g r a p p l e c a n n o t b e c o m p l e t e d u n t i l t h e p r o ­
c e s s i n g o f t h e l a s t t r e e is c o m p l e t e a n d t h e g r a p p l e h a s b e e n o p e n e d . 
BUPT2 i s t h e e s t i m a t e d t i m e (U s e c o n d s ) r e q u i r e d t o b a c k u p 8 f e e t . 
TWTI3 i s t h e e s t i m a t e d t i m e ( 6 s e c o n d s ) r e q u i r e d t o t u r n t h e h a r v e s t e r 
w h e e l s f u l l y i n t h e o p p o s i t e d i r e c t i o n . I R G C T i s t h e e s t i m a t e d t i m e 
(1 s e c o n d ) r e q u i r e d t o i n i t i a t e c l o s i n g o f t h e g r a p p l e o n t h e s i d e t o w a r d 
t h e u n h a r v e s t e d f o r e s t . P F W T 1 i s t h e e s t i m a t e d t i m e (lU s e c o n d s ) r e q u i r e d 
t o m o v e t h e h a r v e s t e r f o r w a r d 2 8 f e e t . I L G C T i s t h e e s t i m a t e d t i m e ( 1 
s e c o n d ) r e q u i r e d t o i n i t i a t e c l o s i n g o f t h e o t h e r h a l f o f t h e g r a p p l e . 
T h e t o t a l h a r v e s t e r o p e r a t i n g t i m e , i n s e c o n d s , p e r g r a p p l e l o a d 
(CCF88) i s t h e s u m o f t h e t o t a l u n l o a d i n g s e q u e n c e t i m e (CCF87) a n d t h e 
e f f e c t i v e g r a p p l e l o a d p r o c e s s i n g t i m e (CCF8I1). T h e t o t a l h a r v e s t e r 
o p e r a t i n g t i m e p e r g r a p p l e l o a d , i n m i n u t e s , i s c o m p u t e d by V3I1U. T h e 
t o t a l h a r v e s t e r o p e r a t i n g t i m e p e r t r e e ( C C F 9 0 ) i s a l s o c o m p u t e d by 
d i v i d i n g t h e t o t a l h a r v e s t e r o p e r a t i n g t i m e p e r g r a p p l e l o a d (CCF88) by 
121 
the t o t a l number of t r e e s per g rapple load (CCF89 which i s equal CCF80 
when CCF80 i s equal to 1 or more) . 
The t o t a l h a r v e s t i n g cos t per grapple load (V3H5>) i s computed by 
t h e product of the ope ra t ing time pe r g rapple load (V3HU which i s con­
ver ted to hours) and t h e h a r v e s t e r ope ra t i ng cos t per hour a t h a r v e s t i n g 
t ime (E£). The h a r v e s t e r o p e r a t i n g cos t per hour a t h a r v e s t i n g t ime 
(E£) i s computed as a funct ion of h a r v e s t e r o p e r a t i n g cos t per hour a t 
p l a n t i n g t ime and economic f a c t o r s such as i n f l a t i o n . The h a r v e s t e r 
ope ra t ing cos t pe r hour (E5>) i s computed by subprogram 1 9 . The h a r v e s t ­
ing cos t per cord a t h a r v e s t i n g time ( V 3 I 1 6 ) i s computed by d iv id ing the 
ha rves t i ng cos t per g rapp le load a t h a r v e s t i n g time (V3H5>) by the number 
of cords per grapple load (CDPL) . The equ iva l en t h a r v e s t i n g cos t pe r 
cord a t p l a n t i n g time (V3I62) i s computed by d i v i d i n g the h a r v e s t i n g 
cos t per cord a t ha rves t i ng time ( V 3 I 1 6 ) by an i n f l a t i o n f a c t o r ( C £ ) . 
The i n f l a t i o n f a c t o r (C5) i s computed by subprogram 1 9 . 
The above computations a r e summarized below: 
5 8 A CCF82.K=TABHL(CCF83,DBH.K,0.0,1 2.0,1 .0) 
C CCF83**28 .2 /28 .2 /28 .2 /28 .2 /28 .2 /28 .2 /28 .2 /28 .2 
2 9 . 3 / 2 9 . 7 / 3 0 . 2 / 3 0 . 7 3 / 3 1 .32 
7A CCF8U.K=CCF81.K-CCF82.K 





C HMTI1 =li 





C PF1JT1 =1 h 
C ILGCT=1 
1 OA CCF87 .K=+CCF86. K+BUPT2. K+T WTI3 .K+IRGCT. K+PFWT1 . K+ILGCT. K 
1 2 2 
7 A C C F 8 8 . K = C C F 8 7 .K+CCF8I4 • K 
2 0 A V 3 I 1 K = C C F 8 8 . K / 6 0 
51A C C F 8 9 . K = C L I P ( C C F 8 0 . K , 1 . 0 , C C F 8 0 . K , 1 . 0 ) 
2 0 A C C F 9 0 . K = C C F 8 8 . K / C C F 8 9 . K 
hhA V 3 I l 5 . K - ( E 5 . K ) ( v 3 H U . K ) / 6 0 
2 0 A V 3 I 1 6 . K = V 3 H 5 . K / C D P L . K 
2 0 A V3I62 .K«V3H6 .K /C5 .K 
D B H . K = D . B . H . a t C u r r e n t C o m p u t a t i o n a l I n s t a n t ( D B H . K i s c o m ­
p u t e d b y s u b p r o g r a m 3 o f t h e f o r e s t g r o w t h m o d e l . ) 
C C F 8 2 . K * T A B H L F u n c t i o n f o r D u a l T i m e D u r i n g P r o c e s s i n g o f 
L a s t T r e e i n a G r a p p l e L o a d ( T h e d u a l t i m e v a l u e s a r e 
d e t e r m i n e d b y t h e h a r v e s t e r ' s s i m u l a t i o n m o d e l a n d 
r e c o r d e d i n T a b l e 3> a s a f u n c t i o n o f D . B . H . ) 
CCF83* = V a l u e s f o r T A B H L F u n c t i o n a s R e c o r d e d i n T a b l e $ 
CCF81 . K = G r a p p l e L o a d P r o c e s s i n g T i m e 
CCF8I1.K = E f f e c t i v e G r a p p l e L o a d P r o c e s s i n g T i m e 
T W T I 1 = T i m e t o T u r n H a r v e s t e r W h e e l F u l l y i n O n e D i r e c t i o n 
B U P T 1 = T i m e t o B a c k H a r v e s t e r U p 2 0 F e e t 
L M T I 1 = T i m e t o L o w e r t h e H a r v e s t e r 
I G C T 1 = T i m e t o I n i t i a t e O p e n i n g o f G r a p p l e 
T W T I 2 = T i m e t o T u r n H a r v e s t e r W h e e l s f r o m O n e F u l l D i r e c t i o n 
t o t h e O p p o s i t e F u l l D i r e c t i o n 
R M T I 1 = T i m e t o R a i s e t h e H a r v e s t e r 
CCF85«K = T i m e t o P o s i t i o n a n d U n l o a d t h e G r a p p l e 
CCF86.K = M a x i m u m o f C C F 8 £ o r CCF82 
B U P T 2 = T i m e t o B a c k H a r v e s t e r U p 8 F e e t 
T W T I 3 = T i m e t o T u r n H a r v e s t e r W h e e l s f r o m O n e F u l l D i r e c t i o n 
t o t h e O p p o s i t e F u l l D i r e c t i o n 
I R G C T = T i m e t o I n i t i a t e C l o s i n g o f O n e S i d e o f G r a p p l e 
P F W T 1 = T i m e t o M o v e H a r v e s t e r F o r w a r d 2 0 F e e t 
I L G C T = T i m e t o I n i t i a t e C l o s i n g o f O t h e r H a l f o f G r a p p l e 
C C F 8 7 . K = T o t a l U n l o a d i n g S e q u e n c e T i m e 
C C F 8 8 . K = T o t a l H a r v e s t e r O p e r a t i n g T i m e p e r G r a p p l e L o a d , i n 
S e c o n d s 
V 3 I 1 l | . K - T o t a l H a r v e s t e r O p e r a t i n g T i m e p e r G r a p p l e L o a d , i n 
M i n u t e s 
C C F 8 9 . K = C L I P F u n c t i o n (CCF89 i s e q u a l C C F 8 0 , t r e e p e r g r a p p l e 
l o a d , w h e n CCF80 i s e q u a l 1 o r m o r e . CCF89 i s e q u a l 
1 w h e n CCF80 i s l e s s t h a n 1 . ) 
C C F 9 0 . K = H a r v e s t e r O p e r a t i n g T i m e p e r T r e e ( C C F 9 0 . K i s i n 
s e c o n d s . ) 
E5«K - H a r v e s t e r O p e r a t i n g C o s t p e r H o u r a t H a r v e s t i n g T i m e 
(E5> i s c o m p u t e d b y s u b p r o g r a m 1 9 0 
V 3 H 5 . K = H a r v e s t i n g C o s t p e r G r a p p l e L o a d a t H a r v e s t i n g T i m e 
C D P L . K - C o r d s p e r G r a p p l e L o a d 
V 3 H 6 . K - H a r v e s t i n g C o s t p e r C o r d a t H a r v e s t i n g T i m e 
C £ . K = I n f l a t i o n F a c t o r B e t w e e n P l a n t i n g T i m e a n d H a r v e s t i n g 
T i m e ( C £ . K i s c o m p u t e d b y s u b p r o g r a m 1 9 0 
V 3 I 6 2 . K = E q u i v a l e n t H a r v e s t i n g C o s t p e r C o r d a t P l a n t i n g T i m e 
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S u b p r o g r a m Ik 
T h i s s u b p r o g r a m c o m p u t e s t h e i n i t i a l v a l u e p e r a c r e ( I N V ) ' o f a l l 
i n v e s t m e n t s a n d e x p e n s e s r e q u i r e d b y t h e p r i v a t e l a n d o w n e r t o g r o w t r e e s 
t o t h e h a r v e s t i n g a g e . T N V i s c o m p u t e d a t p l a n t i n g t i m e . 
T h e i n i t i a l i n v e s t m e n t i s t h e l a n d v a l u e a t p l a n t i n g t i m e ( I L V ) . 
T h e l a n d v a l u e i s c o m p u t e d i n s u b p r o g r a m \ $ b y T E 1 B 2 a s a f u n c t i o n o f 
t h e s i t e i n d e x . 
T h e i n i t i a l e x p e n s e s a r e s i t e c l e a r i n g c o s t ( S P C 1 ) a n d t h e c o m ­
b i n e d s i t e p r e p a r a t i o n a n d p l a n t i n g c o s t ( S P P C ) . T h e s i t e c l e a r i n g c o s t 
( S P C 1 ) i s i n c u r r e d d u r i n g t h e i n i t i a l p l a n t a t i o n p l a n t i n g a n d i s e s t i m a t e d 
a t 2 0 d o l l a r s p e r a c r e . D u r i n g r e p l a n t i n g o f p l a n t a t i o n s , t h e s i t e 
c l e a r i n g c o s t i s n o t i n c u r r e d b e c a u s e a l l p r e v i o u s t r e e s w e r e e v e n a g e d 
a n d c l e a r c u t w h e n h a r v e s t e d . T h e c o m b i n e d s i t e p r e p a r a t i o n a n d p l a n t i n g 
c o s t ( S P P C ) i s m a d e u p o f s i t e p r e p a r a t i o n c o s t ( S P C ) , t r e e s e e d l i n g 
c o s t ( T C ) , a n d t r e e s e e d l i n g p l a n t i n g c o s t ( P C ) . S i t e p r e p a r a t i o n c o s t 
( S P C ) i s e s t i m a t e d a t 1 2 d o l l a r s p e r a c r e . T r e e s e e d l i n g c o s t p e r a c r e 
( T C ) i s c o m p u t e d a s a f u n c t i o n o f p l a n t i n g d e n s i t y p e r a c r e ( T P A ) a n d 
s e e d l i n g c o s t ( T C P T ) . T r e e s e e d l i n g c o s t ( T C P T ) i s e s t i m a t e d a t h d o l l a r s 
p e r 1 , 0 0 0 t r e e s . T h e t r e e s e e d l i n g p l a n t i n g c o s t p e r a c r e ( P C ) i s c o m ­
p u t e d a s a f u n c t i o n o f p l a n t i n g d e n s i t y p e r a c r e ( T P A ) a n d p l a n t i n g c o s t 
( P C P T ) . P l a n t i n g c o s t ( P C P T ) i s e s t i m a t e d a t l £ d o l l a r s p e r 1 , 0 0 0 t r e e s . 
T h e f o l l o w - o n e x p e n s e s a r e i d e n t i f i e d a s a n n u a l t a x e s a n d a n n u a l 
m a n a g e m e n t e x p e n s e s . T h e s e e x p e n s e s a r e e x p e c t e d t o i n c r e a s e a n n u a l l y 
d u e t o e c o n o m i c f a c t o r s s u c h a s i n f l a t i o n . T h e s e f o l l o w - o n e x p e n s e s a r e 
a s s u m e d t o b e i n v e s t e d a t p l a n t i n g t i m e a t t y p i c a l b a n k d e p o s i t r a t e s 
( e s t i m a t e d a t 5 p e r c e n t b a s e d o n i n t e r e s t r a t e s a t t h e t i m e o f t h i s w o r k ) 
12a 
and remain on deposit unti l needed. Subprogram 17 computes the annual 
taxes at subsequent years after planting and discounts the value, at the 
bank deposit rate , to the related value at planting time. The discounted 
annual taxes are used to determine the cummulative annual tax cost (H3) 
at planting time. Subprogram 18 computes, in a similar manner, the 
annual management cost and the cummulative annual management cost (Ha) 
at planting time. 
The above computations are summarized below: 
10A HV. K«+ILV. K+SPPC. K+H3. K+Ha.K+SPC1 +0.0 








INV.K « In i t ia l Value at Planting Time of All Investments and 
Expenses Required to Qrow an Acre of Trees to 
Harvesting Age 
ILV.K « Land Value per Acre at Planting Time (ILV.K i s equal 
TE1B2.K which i s computed by subprogram 15.) 
SPPC.K * Combined Site Preparation and Planting Cost per Acre 
H3.K • Cummulative Annual Tax Cost per Acre Discounted to 
Value at Planting Time (H3.K i s computed by 
subprogram 17.) 
Hu.K « Cummulative Annual Management Cost per Acre Discounted 
to Value at Planting Time ( H U . K i s computed by 
subprogram 18.) 
SPC1 • Site Clearing Cost per Acre 
TE1B2.K • Land Value per Acre at Planting Time (TE1B2.K i s 
computed by subprogram 15.) 
SPC - Site Preparation Cost per Acre 
TC.K * Tree Seedling Cost per Acre 
PC.K • Tree Seedling Planting Cost per Acre 
TPA * In i t ia l Planting Density in Trees per Acre (TPA i s 
assigned a value by subprogram $ of the forest growth 
model.) 
TCPT.K • Tree Seedling Cost per 1 , 0 0 0 
PCPT « Tree Seedling Planting Cost per 1 , 0 0 0 
12$ 
Subprogram 15 
F o r e s t land value a t p l a n t i n g t ime (TE1B2) i s ass igned v a l u e s 
r e l a t i v e t o t h e land s i t e index. The land value a t p l a n t i n g t ime ( T E 1 B 2 ) 
i s assumed to l i n e a r l y i n c r e a s e from 50 d o l l a r s per acre for land with a 
kO s i t e index t o 90 d o l l a r s per acre f o r land with a 80 s i t e index . The 
land i s a l so expected t o i n c r e a s e i n va lue r e l a t i v e t o time due t o 
economic f a c t o r s . The economic f a c t o r s a f f e c t i n g land va lues are t h e 
misce l laneous i n f l a t i o n f a c t o r ( T E 1 B 1 ) and the i n f l a t i o n r a t e f a c t o r ( D 1 ) . 
The misce l laneous i n f l a t i o n f a c t o r (TE1B1 ) i s ass igned v a l u e s by 
a TABLE funct ion t h a t i s i n c l u d e d i n t h e model t o spec i fy land v a l u e s a t 
s p e c i f i c years a f t e r p l a n t i n g t ime . This f a c t o r can be used t o account 
for s p e c i a l i n f l u e n c e s in conjunct ion with t h e i n f l a t i o n r a t e f a c t o r ( D 1 ) , 
or i t can be used t o t o t a l l y account f o r changes i n land v a l u e . The 
s p e c i a l in f luences are economic f a c t o r s such as surrounding land develop­
ment. This work does not cons ider s p e c i a l cases of economic f a c t o r s and 
t h e land i s assumed t o i n c r e a s e i n va lue a t a compound i n f l a t i o n r a t e 
( 1 1 ) . In view of t h i s , t h e misce l laneous i n f l a t i o n f a c t o r ( T E 1 B 1 ) i s 
a s s igned a va lue of u n i t y a t a l l computat ional i n s t a n t s . 
The i n f l a t i o n r a t e r a t i o ( 0 1 ) i s computed a t an annual compound 
i n f l a t i o n r a t e ( 1 1 ) of 3 p e r c e n t . The i n f l a t i o n r a t e r a t i o a t N y e a r s 
a f t e r p l a n t i n g t ime i s computed by t h e fol lowing equat ion: 
01 = ( 1 + H ) N 
A CLIP f u n c t i o n i s used t o c o n t r o l t h e use of t h e compound i n f l a t i o n 
r a t e . The CLIP funct ion i s c o n t r o l l e d by the va lue of LCCT. I f use of 
t h e annual compound i n f l a t i o n r a t e i s d e s i r e d , LCCT i s a s s igned a value 
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g r e a t e r t h a n $• a n d t h e C L I P f u n c t i o n a s s i g n s D 1 t h e v a l u e of 0 1 . If use 
o f t h e a n n u a l c o m p o u n d i n f l a t i o n r a t e i s n o t d e s i r e d , L C C T i s a s s i g n e d a 
v a l u e l e s s t h a n 5> a n d t h e C L I P f u n c t i o n a s s i g n s D 1 a v a l u e o f 1 . 
T h e m i s c e l l a n e o u s i n f l a t e d l a n d v a l u e ( T E 1 ) i s c o m p u t e d a s t h e 
p r o d u c t o f t h e m i s c e l l a n e o u s i n f l a t i o n f a c t o r ( T E 1 B 1 ) a n d t h e l a n d v a l u e 
a t p l a n t i n g t i m e ( T E 1 B 2 ) . T h e t o t a l i n f l a t e d l a n d v a l u e ( E 1 ) i s c o m p u t e d 
a s t h e p r o d u c t o f t h e m i s c e l l a n e o u s i n f l a t e d l a n d v a l u e ( T E 1 ) a n d t h e 
i n f l a t i o n r a t e f a c t o r ( D 1 ) . 
T h e s e - c o m p u t a t i o n s a r e s u m m a r i z e d a s f o l l o w s : 
C I1=.03 
7 A A1.K=P+I1 
29A B1.K=(N.K)L0GN(A1 . K ) 
28A C 1 . K = ( P ) E X P ( B 1 . K ) 
51A D 1 . K = C L I P ( + C 1 . K , + P , + L C C T , + 5 ) 
12A E1.K=(D1.K)(TE1.K) 
12A TE1 .K=(TE1B1 .K)(TE1B2.K) 
5 9 A TE1B1 .K=TABLE(TE1V1 , N . K , 0 , 2 | . 0 , l i 0 ) 
C TE1V1*»1/1 
59A TE1B2.K=TABLE(TE1V2,SITEI.K,U0,8 0,10) 
C TE1V2**50/60/70/80/90 
C LCCT=10 
1 1 = C o m p o u n d A n n u a l I n f l a t i o n R a t e f o r L a n d V a l u e 
P = 1 ( C o m p u t a t i o n a l c o n s t a n t e s t a b l i s h e d b y s u b p r o g r a m 
1 o f t h e f o r e s t g r o w t h m o d e l . ) 
A1.K = C o m p u t a t i o n a l F a c t o r f o r B1.K 
B1.K = C o m p u t a t i o n a l F a c t o r f o r C1.K 
N . K - Y e a r s S i n c e P l a n t i n g T i m e a t C u r r e n t C o m p u t a t i o n a l 
I n s t a n t ( N . K i s c o m p u t e d b y s u b p r o g r a m 2 o f t h e 
f o r e s t g r o w t h m o d e l . ) 
C1.K = I n f l a t i o n R a t e R a t i o 
D1.K - I n f l a t i o n R a t e F a c t o r C L I P F u n c t i o n (D1 . K i s a s s i g n e d 
t h e v a l u e o f C1.K i f L C C T i s g r e a t e r t h a n f> o r D1.K 
i s a s s i g n e d a v a l u e o f 1 i f L C C T i s l e s s t h a n S > . ) 
E1 .K = T o t a l I n f l a t e d L a n d V a l u e a t N Y e a r s A f t e r P l a n t i n g 
T i m e 
TE1 . K = M i s c e l l a n e o u s I n f l a t e d L a n d V a l u e 
TE1B1.K = M i s c e l l a n e o u s I n f l a t i o n F a c t o r 
TE1V1-K- = M i s c e l l a n e o u s I n f l a t i o n F a c t o r s f o r S u b s e q u e n t Y e a r s 
A f t e r P l a n t i n g T i m e 
TE1B2.K = L a n d V a l u e a t P l a n t i n g T i m e 
127 
TE1V2* = Land Values a t P l a n t i n g Time R e l a t i v e t o S i t e Index 
SITEI.K - S i t e Index of Land. (Value i s ass igned by subprogram 1 
of t h e f o r e s t growth model . ) 
LCCT = Contro l Fac tor for Use of Compound I n f l a t i o n Rate 
Subprogram 16 
The stumpage p r i c e of wood (cost of unharvested wood) g e n e r a l l y 
i n c r e a s e s with t ime due to economic f a c t o r s . The stumpage p r i c e , a t sub­
sequent y e a r s a f t e r p l a n t i n g , i s cons idered a funct ion of i n f l a t i o n and 
t h e stumpage p r i c e a t p l a n t i n g time (TE2B2). The stumpage p r i c e a t 
p l a n t i n g t ime (TE2B2) i s approximated a t 8 d o l l a r s per cord. Stumpage 
p r i c e i n f l a t i o n i s determined by a misce l laneous i n f l a t i o n f a c t o r (TE2B1) 
and an i n f l a t i o n r a t e f a c t o r (D2). 
The misce l laneous i n f l a t i o n f a c t o r (TE2B1) i s a s s igned va lues by 
a TABLE funct ion t h a t i s inc luded in t h e model t o spec i fy stumpage p r i c e s 
a t subsequent y e a r s a f t e r p l a n t i n g t ime . This f a c t o r can be used t o 
account for s p e c i a l in f luences i n conjunct ion with t h e i n f l a t i o n r a t e 
f a c t o r (D2); or i t can be used t o t o t a l l y account f o r i n c r e a s e s i n t h e 
stumpage p r i c e . The s p e c i a l i n f l u e n c e s a r e considered t o be caused by 
f a c t o r s r e l a t e d t o supply and demand. This work does not cons ider s p e c i a l 
cases of supply and demand, and t h e stumpage p r i c e i s assumed t o i n c r e a s e 
a t an annual compound i n f l a t i o n r a t e (12) . In view of t h i s , t h e m i s c e l l a ­
neous i n f l a t i o n f a c t o r (TE2B1) i s ass igned a value of u n i t y a t a l l compu­
t a t i o n a l i n s t a n t s . 
The i n f l a t i o n r a t e r a t i o (C2) i s computed a t an annual compound 
I n f l a t i o n r a t e (12) of 3 p e r c e n t . The i n f l a t i o n r a t e r a t i o , a t N y e a r s 
a f t e r p l a n t i n g t i m e , i s computed by t h e fo l lowing equat ion: 
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12 = Compound I n f l a t i o n Rate for Stumpage P r i ce 
P = 1 (Computational cons tan t e s t a b l i s h e d by subprogram 1 
of t h e f o r e s t growth model) 
A2.K = Computational Factor fo r B2.K 
B2.K = Computational Factor for C2.K 
N.K = Years Since P l a n t i n g a t Current Computational I n s t a n t 
(N.K i s computed by subprogram 2 of t h e f o r e s t growth 
model.) 
C2.K = I n f l a t i o n Rate Ra t io 
D2.K = I n f l a t i o n Rate Factor CLIP Funct ion (D2.K i s a s s igned 
the va lue of C2.K i f SPCT i s g r e a t e r than 5 or D2.K 
i s ass igned a va lue of 1 i f SPCT i s l e s s than 50 
A CLIP funct ion i s used to c o n t r o l t h e use of the compound i n f l a t i o n 
r a t e . The CLIP funct ion i s c o n t r o l l e d by the value of SPCT. I f use of 
the annual compound i n f l a t i o n r a t e i s d e s i r e d , SPCT i s ass igned a va lue 
g r e a t e r than 5 and the CLIP funct ion a s s i g n s D2 the va lue of C2. I f use 
of t he annual compound i n f l a t i o n r a t e i s not d e s i r e d , SPCT i s a s s igned a 
value l e s s than 5 and the CLIP funct ion a s s i g n s D2 a va lue of 1. 
The misce l laneous i n f l a t e d stumpage p r i c e (TE2) i s computed as the 
product of the misce l laneous i n f l a t i o n f a c t o r (TE2B1) and t h e stumpage 
p r i c e a t p l a n t i n g t ime (TE2B2). The t o t a l i n f l a t e d stumpage p r i c e (E2) 
i s computed as the product of t h e misce l laneous i n f l a t e d stumpage p r i c e 
(TE2) and the i n f l a t i o n r a t e f a c t o r (D2). 








59A TE2B1 .K=TABLE(TE2V1 ,N.K,0,uO,liO) 
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E 2 . K = T o t a l I n f l a t e d S t u m p a g e P r i c e a t C u r r e n t C o m p u t a t i o n a l 
I n s t a n t 
T E 2 . K = M i s c e l l a n e o u s I n f l a t e d S t u m p a g e P r i c e 
T E 2 B 1 . K = M i s c e l l a n e o u s I n f l a t i o n F a c t o r 
T E 2 V 1 - * = M i s c e l l a n e o u s I n f l a t i o n F a c t o r s f o r S u b s e q u e n t Y e a r s 
A f t e r P l a n t i n g T i m e 
T E 2 B 2 = S t u m p a g e P r i c e a t P l a n t i n g T i m e 
S P C T = C o n t r o l F a c t o r f o r U s e o f " C o m p o u n d I n f l a t i o n R a t e 
S u b p r o g r a m 1 7 
T h e a n n u a l p r o p e r t y t a x (E3) p e r a c r e o f f o r e s t l a n d i s c o m p u t e d 
a s a f u n c t i o n o f w o o d v o l u m e p e r a c r e ( V 3 I l i ) , m i s c e l l a n e o u s i n f l a t i o n 
f a c t o r (TE3B1), a n d i n f l a t i o n r a t e f a c t o r (D3). T h e p r o p e r t y t a x i s 
p a i d a t t h e e n d c f t h e a p p l i c a b l e y e a r a t t h e r a t e d e t e r m i n e d a t t h e b e ­
g i n n i n g o f t h e y e a r . T h e t a x y e a r s a r e a s s u m e d c o i n c i d e n t w i t h 1 y e a r 
i n c r e m e n t s a f t e r p l a n t i n g . 
T h e a s s e s s e d v a l u e o f f o r e s t l a n d f o r t a x a t i o n i s b a s e d o n t h e 
v o l u m e o f w o o d (V3ll+) o n t h e l a n d . T h e t a x r a t e ( T 5 3 B 2 ) o n f o r e s t l a n d , 
a t p l a n t i n g t i m e , i s . $ 0 o f a d o l l a r - p e r a c r e p e r y e a r i f t h e l a n d i s 
e s t i m a t e d t o h a v e l e s s t h a n 2 $ 0 c u b i c f e e t o f w o o d p e r a c r e . I f t h e r e 
a r e a n e s t i m a t e d 25>0 t o 1^ ,000 c u b i c f e e t o f w o o d p e r a c r e , t h e t a x r a t e 
i s p l a c e d a t 1 d o l l a r p e r a c r e p e r y e a r . F o r l a n d w i t h m o r e t h a n l i , 0 0 0 
c u b i c f e e t o f w o o d p e r a c r e , t h e t a x r a t e i s 1 . $ 0 d o l l a r s p e r a c r e p e r 
y e a r . T h e s e a n n u a l t a x r a t e s a r e b a s e d o n t y p i c a l p r o p e r t y t a x r a t e s o n 
f o r e s t l a n d i n M i d d l e G e o r g i a a t t h e t i m e o f t h i s w o r k . 
T h e m i s c e l l a n e o u s i n f l a t i o n f a c t o r ( T E 3 B 1 ) i s a s s i g n e d v a l u e s b y 
a T A B L E f u n c t i o n t h a t i s i n c l u d e d i n t h e m o d e l t c s p e c i f y t a x r a t e s a t 
s u b s e q u e n t y e a r s a f t e r p l a n t i n g t i m e . T h i s f a c t o r c a n b e u s e d t o a c c o u n t 
f o r s p e c i a l i n f l u e n c e s i n c o n j u n c t i o n w i t h t h e i n f l a t i o n r a t e f a c t o r 
(D3), o r i t c a n b e u s e d t o t o t a l l y a c c o u n t f o r i n f l a t i o n o f t a x e s . T h e 
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s p e c i a l i n f luences a re t o be used to account fo r in f luences such as 
l o c a l economic developments. This work does not cons ider s p e c i a l cases 
of i n f l a t i o n and t h e t a x r a t e i s assumed to i n c r e a s e a t an annual compound 
i n f l a t i o n r a t e ( 1 3 ) . In view of t h i s , the misce l laneous i n f l a t i o n f a c t o r 
(TE3B1) i s ass igned a va lue of u n i t y a t a l l computat ional i n s t a n t s . 
The i n f l a t i o n r a t e r a t i o ( C 3 ) is .computed a t an annual compound 
i n f l a t i o n r a t e ( 1 3 ) of 3 p e r c e n t . The i n f l a t i o n r a t i o a t N yea r s a f t e r 
p l a n t i n g time i s computed by t h e fol lowing equat ion: 
0 3 = ( 1 + 1 3 ) K 
A CLIP funct ion i s used t o c o n t r o l the use of the compound i n f l a t i o n 
r a t e . The CLIP func t ion i s c o n t r o l l e d by t h e value of TRCT. I f use of 
the annual compound i n f l a t i o n r a t e i s d e s i r e d , TRCT i s ass igned a va lue 
g r e a t e r than 5 and t h e CLIP func t ion a s s i g n s D3 the va lue of C 3 . I f 
use of t h e annual compound i n f l a t i o n r a t e i s not d e s i r e d , TRCT i s a s s igned 
a va lue l e s s than 5 and the CLIP funct ion a s s i g n s D3 a value of 1 . 
The misce l laneous i n f l a t e d annual t a x r a t e (TE3) i s computed as 
the product of t h e misce l laneous i n f l a t i o n f a c t o r ( T E 3 B 1 ) and t h e t a x r a t e 
( T E 3 B 2 ) a t p l a n t i n g t ime. The t o t a l i n f l a t e d annual t a x r a t e (E3) i s 
computed as t he product of t h e misce l laneous i n f l a t e d annual t a x r a t e 
(TE3) and the i n f l a t i o n r a t e f a c t o r (D3). 
The annual t a x e s a r e i n v e s t e d a t p l a n t i n g t ime a t t y p i c a l bank 
depos i t r a t e s ( 1 1 0 ) . The annual t a x e s (E3) remain on depos i t u n t i l r e ­
q u i r e d . Subprogram 2 1 computes a d i scount f a c t o r (D10) t o d i scount t h e 
t o t a l i n f l a t e d annual t a x r a t e (E3) t o t h e r e l a t e d va lue (F3) a t p l a n t i n g 
t ime . The d i scounted annual t a x r a t e (F3) i s delayed f o r 1 yea r ( t h e 
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next computat ional i n s t a n t ) t o account fo r the t axes being pa id a t t h e end 
of t h e app l i cab l e y e a r . The cummulated d iscounted annual t ax ( H 3 ) i s 
computed by summing the d i scounted t o t a l i n f l a t e d annual t a x r a t e s ( F 3 ) 
a f t e r they have been delayed 1 computat ional i n t e r v a l . 
These computations a re summarised as fo l lows : 
C I3=.03 
7A A3.K=P+I3 
2 9A B3. K= (N. K) LOGN (A3. K) 
28A C3.K=(P)EXP(B3«K) 
51A D3. K=CLIP (+C3. K, P.TRCT, +5) 
12A E3.K=(D3.K)(TE3-K) 
12A TE3.K=(TE3B1 .K)(TE3B2.K) 
5 9 A TE3B1 .K=TABLE(TE3V1 ,N.K,0,1*0,1*0) 
M;- C TE3V1*-=1/1 
$9k TE3B2. K=T ABHL (TE3V2 ,V 3ll*. K, 500, 1*000, 250) 
C TE3V2*=0.50/1 /1 /1 /1 /1 / I / I /1 /1 / 1 / 1 A /'1 / 1 .50 
12R F3.KL*(E3.K)(D10.K) 
1L H3.K=H3.J+(DT)(+F3.JK+0) 
6 N H3=0 
C TRCT=10 
13 = Compound Annual I n f l a t i o n Rate fo r Annual Tax Rate 
P = 1 (Computational cons tan t e s t a b l i s h e d by subprogram 1 
of t h e f o r e s t growth model . ) 
A3»K = Computational Fac to r fo r B3«K 
B3»K = Computational F a c t o r for C3.K 
N.K = Years Since P l a n t i n g a t Current Computational I n s t a n t 
(N.K i s computed by subprogram 2 of t h e f o r e s t growth 
model.) 
C3.K = I n f l a t i o n Rate Ra t io 
D3.K = I n f l a t i o n Rate F a c t o r CLIP Funct ion (D3.K i s a s s igned 
t h e value of C3.K i f TRCT i s g r e a t e r than 5 or D3.K i s 
a ss igned a va lue of 1 i f TRCT i s l e s s than 50 
E3.K = To ta l I n f l a t e d Annual Tax Rate a t Current Computational 
I n s t a n t 
TE3.K = Miscel laneous I n f l a t e d Annual Tax Rate 
TE3B1.K = Miscel laneous I n f l a t i o n F a c t o r 
TE3V1* = Miscel laneous I n f l a t i o n F a c t o r s fo r Subsequent Years 
After P l a n t i n g Time 
TE3B2.K = TABHL Funct ion fo r Tax Rate per Acre a t P l a n t i n g Time 
TE3V2* = Tax Rate p e r Acre a t P l a n t i n g Time R e l a t i v e t o Wood 
Volume on t h e Land 
V3Il*.K = Wood Volume p e r Acre (V3Il*.K i s i n cubic f e e t and i s 
computed by subprogram 12 of the f o r e s t growth model . ) 
F3.KL = Discounted Annual Tax Rate 
132 
D10.K = Discount Factor (D10.K i s computed by subprogram 21.) 
H3.K = Cummulative Discounted Annual Tax a t Current 
Computational I n s t a n t 
TRCT = Control Fac to r fo r Use of Compound I n f l a t i o n Rate 
Subprogram 18 
The annual management expense accounts fo r i tems such as i n s p e c t i o n 
and t r ea tment for d i sease and i n s e c t s , f i r e p r o t e c t i o n , and management 
r e c o r d s . The management cos t i s computed a t t he beginning of t h e a p p l i c ­
ab le y e a r s . The annual management expense funds a re made a v a i l a b l e a t 
t h e beginning of t h e a p p l i c a b l e y e a r s . F o r e s t management cos t a t p l a n t i n g 
t ime (TE4B2) i s es t imated a t 1.50 d o l l a r s per a c r e . The f o r e s t manage­
ment cos t i s i n c r e a s e d a t subsequent y e a r s due to t h e misce l laneous i n ­
f l a t i o n f a c t o r (TE4BI) and t h e i n f l a t i o n r a t e f a c t o r (D4) . The annual 
management cos t (E4) i s computed for t h e next computat ional i n s t a n t . The 
management cos t i s made a v a i l a b l e a t t h e beginning of t h e a p p l i c a b l e yea r 
and expended between the a p p l i c a b l e y e a r and the next y e a r . 
The misce l laneous i n f l a t i o n f a c t o r (TE4BI) i s a s s igned va lues by 
a TABLE func t ion t h a t i s inc luded i n t h e model t o specify management cos t 
a t subsequent yea r s a f t e r p l a n t i n g t i m e . This f a c t o r can be used t o a c ­
count for s p e c i a l i n f l uences i n conjunct ion with t h e i n f l a t i o n r a t e f a c t o r 
(D4), or i t can be used t o t o t a l l y account for i n c r e a s e s i n annual manage­
ment c o s t . The s p e c i a l in f luences a r e t o be used t o account fo r c o s t s 
such as t h e t rea tment of abnormal d i s e a s e or i n s e c t i n f e s t a t i o n . This 
work does not cons ider s p e c i a l cases and the annual management cost i s 
assumed t o i n c r e a s e a t an annual compound i n f l a t i o n r a t e (I4). In view 
of t h i s , t h e misce l laneous i n f l a t i o n f a c t o r (TE4BI) i s a s s igned a va lue 
of u n i t y a t a l l computat ional i n s t a n t s . 
133 
The i n f l a t i o n r a t e r a t i o (Cii) i s computed a t an annual compound 
i n f l a t i o n r a t e ( 1 2 ; ) of 3 p e r c e n t . The i n f l a t i o n r a t i o , a t N 1 yea r s ( the 
next computat ional i n s t a n t ) a f t e r p l a n t i n g t ime , i s computed by t h e 
fo l lowing equa t ion : 
A CLIP funct ion i s used t o c o n t r o l the use of the compound i n f l a t i o n 
r a t e . The CLIP funct ion i s c o n t r o l l e d by t h e value of MCCT. I f use of 
t he annual compound i n f l a t i o n r a t e i s d e s i r e d , MCCT i s ass igned a va lue 
g r e a t e r than 5 and the CLIP func t ion a s s i g n s Dl; the value of Cl+. I f 
use of t he annual compound i n f l a t i o n r a t e i s not d e s i r e d , MCCT i s a s ­
s igned a value l e s s than $ and t h e CLIP func t ion a s s i g n s D*U a v a l u e of 1 . 
The misce l laneous i n f l a t e d annual management cos t (TE1+) i s com­
puted as t h e product of t he misce l laneous i n f l a t i o n f a c t o r (TE1+B1) and 
t h e management cos t (TEI+B2) a t p l a n t i n g t ime . The t o t a l i n f l a t e d annual 
management cos t (El+) i s computed as the product of t he misce l laneous 
i n f l a t e d annual management cost ( T E 2 + ) and t h e i n f l a t i o n r a t e f a c t o r (Di;). 
The annual management cos t i s i n v e s t e d a t p l a n t i n g time a t t y p i c a l 
bank depos i t r a t e s ( 1 1 0 ) . The annual management cos t (El+) remains on de­
p o s i t u n t i l r e q u i r e d . Subprogram 2 1 computes a d i scount f a c t o r ( D 1 0 ) t o 
d i scount t h e t o t a l i n f l a t e d annual management cost (Eh) t o t he r e l a t e d 
va lue (FU»-1) a t p l a n t i n g t i m e . The d i scounted annual management c o s t 
(FU*1) ' i s computed for the next computat ional i n s t a n t . The d i scoun ted 
annual management cos t a t t h e nex t computat ional i n s t a n t (Fl;*-1) i s de layed 
1 computat ional i n t e r v a l t o compute t h e d i scounted annual management cos t 
a t t h e c u r r e n t computat ional i n s t a n t (GU). The annual management cos t i s 
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m a d e a v a i l a b l e a t t h e b e g i n n i n g o f t h e a p p l i c a b l e y e a r a n d e x p e n d e d b e ­
t w e e n t h e a p p l i c a b l e y e a r a n d t h e n e x t y e a r . T h e r e f o r e , t h e d i s c o u n t e d 
a n n u a l m a n a g e m e n t c o s t a t t h e c u r r e n t c o m p u t a t i o n a l i n s t a n t (Gh) i s d e ­
l a y e d 1 c o m p u t a t i o n a l i n t e r v a l a n d a d d e d t o t h e c u m m u l a t i v e d i s c o u n t e d , 
a n n u a l m a n a g e m e n t c o s t ( H i * ) . 
T h e s e c o m p u t a t i o n s a r e s u m m a r i z e d a s f o l l o w s : 
C l i p . 0 3 
7 A A i i „ K = P + I i i 
2 9 A B i i . K = ( N 1 . K ) L 0 G N ( A h . K ) 
2 8 A C l i . K = ( P ) E X P ( B i i . . K ) 
51A D i i . K = C L I P ( + C i i . K , P . M C C T , +5) 
1 2 A E h . K = ( D a . K ) ( T E h . K ) 
1 2 A T E J | . K = ( T E l i B 1 . K ) ( T E l * B 2 . K ) 
5?A T E l j 3 1 . K = T A B L E ( T E l i V 1 , N 1 .K,1,2i1,1|0) 
C T E U V 1 * « 1 / 1 
C T E 2 | B 2 = 1.50 
C M C C T = 1 0 
1 2 A F l i * 1 . K = ( E l i . K ) ( D 1 0 . K ) 
3 7 B F 4 . K = B 0 X L I N ( 2 , 1 ) 
C F l i * = 1 .50/1 .50 
6 R G4.KL=F4#2.K 
1 L H l i . K = H l i . J + ( D T ) (+G4.JK+O) 
I i i = C o m p o u n d A n n u a l I n f l a t i o n R a t e f o r A n n u a l M a n a g e m e n t 
C o s t 
P = 1 ( C o m p u t a t i o n a l c o n s t a n t e s t a b l i s h e d b y s u b p r o g r a m 1 
o f t h e f o r e s t g r o w t h m o d e l . ) 
A 4 . K = C o m p u t a t i o n a l F a c t o r f o r B l i . K 
B 4 . K = C o m p u t a t i o n a l F a c t o r f o r C 4 . K 
N 1 . K = Y e a r s S i n c e P l a n t i n g a t t h e N e x t C o m p u t a t i o n a l I n s t a n t 
( N 1 . K i s c o m p u t e d b y s u b p r o g r a m 2 o f t h e f o r e s t g r o w t h 
m o d e l . ) 
C4.K = I n f l a t i o n R a t e R a t i o 
D4.K = I n f l a t i o n R a t e F a c t o r C L I P F u n c t i o n (D4 . K i s a s s i g n e d 
t h e v a l u e o f C4 . K i f M C C T i s g r e a t e r t h a n 5 o r D 4 . K i s 
a s s i g n e d a v a l u e o f 1 i f M C C T i s l e s s t h a n 5«) 
E4.K = T o t a l I n f l a t e d A n n u a l M a n a g e m e n t C o s t a t N e x t C o m p u t a ­
t i o n a l I n s t a n t 
TEl i .K - M i s c e l l a n e o u s I n f l a t e d A n n u a l M a n a g e m e n t C o s t 
T E l i B I .K * M i s c e l l a n e o u s I n f l a t i o n F a c t o r 
TE4VI* « M i s c e l l a n e o u s I n f l a t i o n F a c t o r s f o r S u b s e q u e n t Y e a r s 
a f t e r P l a n t i n g T i m e 
TE4B2 = A n n u a l M a n a g e m e n t C o s t p e r A c r e a t P l a n t i n g T i m e 
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Fij*-1 .K = Discounted Annual Management Cost a t t h e Next 
Computational I n s t a n t 
Flj.K = Helps Fh-*2.K Delay Flj#1 .K Values 1 Computational 
I n t e r v a l 
Fl^2.K = Helps F4.K Delay Fl;*-1 .K Values 1 Computational I n t e r v a l 
Fir* = I n i t i a l Values of Flj.. K 
D10.K = Discount Fac to r (D10.K i s computed by subprogram 21.) 
Gi*.KL = Discounted Annual Management Cost a t t h e Curren t 
Computational I n s t a n t 
HJ4.K = Cummulative Discounted Annual Management Costs Expended 
a t Curren t Computational I n s t a n t 
MCCT = Control Fac tor for Use of Compound I n f l a t i o n Rate 
Subprogram 19 
The proposed h a r v e s t e r ope ra t i ng cos t a t p l a n t i n g t ime (TE5B2) i s 
es t ima ted t o be 30 d o l l a r s pe r hour . Computation of t h i s opera t ing c o s t 
i s summarized i n Appendix I I . The es t ima ted h a r v e s t e r ope ra t i ng c o s t , 
a t p l a n t i n g t ime , i s based on c u r r e n t component c o s t s , t h e i r r e l a t e d 
ope ra t ing c o s t , and cu r ren t h a r v e s t e r assembly cost a t p l a n t i n g t i m e . 
The h a r v e s t e r ope ra t ing cos t a t subsequent y e a r s a f t e r p l a n t i n g t ime (E5>) 
i s expected t o i n c r e a s e r e l a t i v e t o t h e misce l laneous i n f l a t i o n f a c t o r 
(TE5B1) and the i n f l a t i o n r a t e f a c t o r (D5). 
The misce l laneous i n f l a t i o n f a c t o r ( T E 5 B 1 ) i s ass igned v a l u e s by 
a TABLE func t ion t h a t i s inc luded i n t h e model t o spec i fy h a r v e s t e r 
o p e r a t i n g cost a t subsequent y e a r s a f t e r p l a n t i n g t i m e . This f a c t o r can 
be used t o account for s p e c i a l i n f luences i n conjunct ion with t h e i n f l a ­
t i o n r a t e f a c t o r (D£), o r i t can be used t o t o t a l l y account f o r i n c r e a s e s 
i n t h e h a r v e s t e r opera t ing c o s t . The s p e c i a l i n f l u e n c e s can be abnormal 
f l u c t u a t i o n s i n t h e n a t i o n a l economy which a f f e c t t h e i n f l a t i o n r a t e . 
Th i s work does not cons ide r s p e c i a l cases and t h e h a r v e s t e r o p e r a t i n g 
cos t i s assumed t o i n c r e a s e a t an annual compound i n f l a t i o n r a t e ( l £ ) . 
In view of t h i s , t he misce l laneous i n f l a t i o n f a c t o r (TE5>B1) i s a s s igned 
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a va lue of u n i t y a t a l l computat ional i n s t a n t s . 
The i n f l a t i o n r a t e r a t i o (c£) i s computed a t an annual compound 
i n f l a t i o n r a t e (I5>) of 3 p e r c e n t . The i n f l a t i o n r a t i o , a t N yea r s a f t e r 
p l a n t i n g t i m e , i s computed by the fol lowing equa t ion : 
c5 = d + I 5 ) N 
A CLIP func t ion i s used t o con t ro l t h e use of t h e compound i n f l a t i o n 
r a t e . The CLIP func t ion i s c o n t r o l l e d by the va lue of MOCT. I f use of 
t h e annual compound i n f l a t i o n r a t e i s de s i r ed , MOCT i s a s s igned a va lue 
g r e a t e r than 5 and t h e CLIP func t ion a s s igns D£ t h e value of C£. I f 
use of t he annual compound i n f l a t i o n r a t e i s not d e s i r e d , MDCT i s a s ­
signed a va lue l e s s than 5 and the CLIP func t ion a s s igns D $ a va lue of 1 . 
The misce l laneous i n f l a t e d h a r v e s t e r opera t ing cos t (TE5>) i s com­
puted as the product of t h e misce l laneous i n f l a t i o n f a c t o r (TE5>B1) and 
the h a r v e s t e r ope ra t i ng cos t a t p l a n t i n g t ime (TEf?B2). The t o t a l i n ­
f l a t e d h a r v e s t e r opera t ing cos t (E5>) i s computed as t he product of t h e 
misce l laneous i n f l a t e d h a r v e s t e r opera t ing cos t (TEf?) and t h e i n f l a t i o n 
r a t e f a c t o r (D5>). A l l of t h e above h a r v e s t e r ope ra t ing c o s t s a re hour ly 
r a t e s . 












15 - Compound Annual I n f l a t i o n Rate for Harves te r Opera t ing 
Cost 
P = 1 (Computational cons tan t e s t a b l i s h e d by subprogram 1 
of the f o r e s t growth model.) 
A5«K = Computational F a c t o r for B>K 
B5«K * Computational Fac tor fo r C5»K 
N.K = Years Since P l a n t i n g a t Current Computational I n s t a n t 
(N.K i s computed by subprogram 2 of the f o r e s t growth 
model.) 
Cf?.K = I n f l a t i o n Rate R a t i o 
D5.K = I n f l a t i o n Rate F a c t o r CLIP Funct ion (D5-K i s a s s igned 
t h e value of C£.K i f MOCT i s g r e a t e r than 5 or D5.K 
i s ass igned a value of 1 i f MDCT i s l e s s than 50 
E5.K = T o t a l I n f l a t e d Harves te r Operat ing Cost p e r Hour a t 
Current Computational I n s t a n t 
TE^.K = Miscel laneous I n f l a t e d Harves ter Operat ing Cost pe r 
Hour 
TE5B1.K = Miscel laneous I n f l a t i o n Fac to r 
TE5V"1-» = Miscel laneous I n f l a t i o n Fac to r s f o r Subsequent Years 
a f t e r P l an t ing Time 
TE5B2 = Harves te r Operat ing Cost p e r Hour a t P l a n t i n g Time 
MOCT = Control Fac tor fo r Use of Compound I n f l a t i o n Rate 
Subprogram 20 
The h a r v e s t i n g cost pe r cord i s a func t ion of t r e e and f o r e s t 
c h a r a c t e r i s t i c s . In view of t h i s , an al lowance i s made fo r t h e h a r v e s t ­
ing cos t pe r cord (V3I16 computed by subprogram 13) . When t h i s p r i c e 
(V3H6) exceeds the i n f l a t e d h a r v e s t i n g cos t pe r cord allowance a t 
h a r v e s t i n g t ime (E6), t he stumpage p r i c e a t h a r v e s t i n g t ime (E2 computed 
by subprogram 16) i s reduced accordingly by subprogram 22 which computes 
an ad jus t ed stumpage p r i c e a t h a r v e s t i n g t ime (V3I22). When t h e h a r v e s t ­
ing cos t i s l e s s than the a l lowance , the stumpage p r i c e i s i nc r ea sed 
acco rd ing ly . The h a r v e s t i n g cos t allowance a t p l a n t i n g t ime (TE6B2) i s 
p laced a t 1.50 d o l l a r s pe r cord . The h a r v e s t i n g cos t al lowance a t sub­
sequent y e a r s a f t e r p l a n t i n g t ime (E6) i s i n c r e a s e d r e l a t i v e t o t h e mis ­
ce l l aneous i n f l a t i o n f a c t o r (TE6B1) and t h e i n f l a t i o n r a t e f a c t o r (D6). 
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The miscel laneous i n f l a t i o n f a c t o r (TE6B1), t h a t i s a s s igned va lues 
by a TABLE func t ion , i s inc luded in t h e model t o speci fy h a r v e s t i n g cos t 
allowance a t subsequent y e a r s a f t e r p l a n t i n g t ime. This f a c t o r can be 
used to account for s p e c i a l i n f luences i n conjunct ion with t h e i n f l a t i o n 
r a t e f a c t o r (D6), or i t can be used to t o t a l l y account for i n c r e a s e s i n 
ha rves t i ng cos t a l lowance. The s p e c i a l i n f luences can be used t o account 
fo r the a f f e c t s of abnormal t e r r a i n and abnormal f l u c t u a t i o n s in t h e 
economy. Th i s work does not cons ider s p e c i a l cases and the h a r v e s t i n g 
cos t allowance i s assumed t o i nc r ea se a t an annual compound i n f l a t i o n 
r a t e . In view of t h i s , t he misce l laneous i n f l a t i o n f a c t o r ( T E 6 B 1 ) 
i s ass igned a va lue of u n i t y a t a l l computat ional i n s t a n t s . 
The i n f l a t i o n r a t e r a t i o (c£) fo r t h e h a r v e s t e r ope ra t i ng cos t 
(computed by subprogram 1 9 ) i s used as the i n f l a t i o n r a t e r a t i o fo r t h e 
h a r v e s t i n g cost al lowance a t subsequent yea r s a f t e r p l a n t i n g t ime . The 
h a r v e s t e r ope ra t ing cos t and t h e h a r v e s t i n g cos t allowance i n c r e a s e a t 
t he same annual compound i n f l a t i o n r a t e . 
A CLIP func t ion i s used t o c o n t r o l t h e use of t h e compound i n f l a ­
t i o n r a t e . The CLIP funct ion i s c o n t r o l l e d by the va lue of HCCT. I f 
use of t he annual compound i n f l a t i o n r a t e i s d e s i r e d , HCCT i s a s s igned a 
value g r e a t e r than $ and t h e CLIP funct ion a s s i g n s D6 t h e value of C$. 
I f use of t he annual compound i n f l a t i o n r a t e i s not d e s i r e d , HCCT i s 
a s s igned a va lue l e s s than 5 and the CLIP func t ion a s s i g n s D6 a va lue of 
1. 
The misce l laneous i n f l a t e d h a r v e s t i n g cost al lowance pe r cord ( T E 6 ) 
i s computed as t h e product of t he misce l laneous i n f l a t i o n f a c t o r (TE6B1) 
and t h e ha rves t i ng cost al lowance per cord a t p l a n t i n g t ime (TE6B2). The 
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total inflated harvesting cost allowance per cord (E6) is computed as 
the product of the miscellaneous inflated harvesting cost allowance per 
cord (TE6) and the inflation rate factor (D6). 
These computations are summarized as follows: 
51A D6.K=CLIP(+C5.K,P,HCCT,+5) 
12A E6 .K=(D6 .K)(TE6 .K) 
22A TE6.K=(TE6B1 .K)(TE6B2.K) 




P = 1 (Computational constant established by subprogram 1 
of the forest growth model.) 
C5 .K = Inflation Rate Ratio ( C £ . K is computed by subprogram 
19.) 
D6.K = Inflation Rate Factor CLIP Function (D6.K i s assigned 
the value of C£.K if HCCT is greater than 5 or D6.K 
i s assigned a value of 1 if HCCT is less than 5.) 
E6.K = Total Inflated Harvesting Cost Allowance per Cord at 
Current Computational Instant 
TE6.K = Miscellaneous Inflated Harvesting Cost Allowance per 
Cord 
TE6B1.K = Miscellaneous Inflation Factor 
TE6V1* = Miscellaneous Inflation Factors for Subsequent Years 
After Planting Time 
N . K = Years Since Planting at Current Computational Instant 
( N . K is computed by subprogram 2 of the forest growth 
model.) 
TE6B2 « Harvesting Cost Allowance per Cord at Planting Time 
HCCT - Control Factor for Use of Compound Inflation Rate 
Subprogram 21 
The follow-on forest expenses are identified as the annual tax and 
the annual management costs. In the case of the private landowner, these 
expenses are invested at planting time at typical bank deposit interest 
rates (110). These funds remain on deposit unti l they are required each 
year. The i n i t i a l value of the annual expenses i s computed by discount­
ing their value at subsequent years to the value at planting time. 
1liO 
The discount factor (D10) is computed at the bank deposit rate (110). 
Subprogram 17 computes the annual tax and the discounted value at 
planting time. The annual tax i s computed at the beginning of applicable 
years. The annual tax remains on deposit unti l i t i s paid at the end of 
the applicable years (next computational instants) . 
Subprogram 18 computes the annual management cost and the dis­
counted value at planting time. The annual management cost i s computed 
for the next year (next computational instant) and then delayed unti l the 
next year (next computational instant)• 
The bank deposit rate (110) is estimated at a 5 percent annual 
compound interest ra te . This interest rate i s based on typical bank de­
posit rates at the time of this work. The related discount factor (D10) 
at the next computational instant (N1) i s computed by the following 
equation: 
D10 * 1/(1 + 110) N1 
This discount factor (D10) i s used by subprograms 17 and 18 to discount 
the annual tax and the annual management costs to their related values 
at planting time. 
These computations are summarized as follows: 
C no« .o5 
7A A10.K-P+I10 
29A B10.K«(N1 .K)L0GN(+A10.K) 
28A C10.K»(P)EXP(B10.K) 
20A D10.K«P/C10.K 
110 * Compound Annual Interest Kate on Bank Deposits 
P • 1 (Computational constant established by subprogram 1 
of the forest growth model.) 
A10.K = Computational Factor for B10.K 
11*1 
B10.K = Computational Factor for C10.K 
C10.K = Compound Interest Rate Ratio 
D10.K = Discount Factor at Next Computational Instant 
Subprogram 22 
The private landowner's management objective for his forest is 
assumed to be the maximum rate of return on investment. The rate of re­
turn on investment is determined relative to harvesting cost and forest 
planning and management alternatives. The rate of return (V3I30) is 
computed from the ratio (V3I27)of the total asset value at subsequent 
years after planting (adjusted for harvesting cost) to the total value 
at planting time (NTV) of all investments and expenses. 
The total asset value per acre (V3I2U) at subsequent years after 
planting is the sum of the land value per acre ( E 1) and the harvestable 
yield value per acre adjusted for harvesting cost ( V 3 I 2 3 ) • The land 
value per acre ( E 1 ) is computed by subprogram 15> as a function of in­
flation. The harvestable yield value per acre ( V 3 I 2 3 ) i s computed as the 
product of the harvestable yield per acre ( V 3 I 6 0 ) and the stumpage price 
adjusted for harvesting cost ( V 3 I 2 2 ) „ The harvestable yield in cords per 
acre ( V 3 1 6 0 ) i s computed by subprogram 1 2 of the forest growth model. The 
stumpage price adjusted for harvesting cost ( V 3 I 2 2 ) i s computed as the sum 
of the total inflated stumpage price ( E 2 ) and the stumpage price adjust­
ment term for harvesting cost ( V 3 I 2 1 ) • The total inflated stumpage price 
( E 2 ) i s computed by subprogram 1 6 . The stumpage price adjustment term for 
harvesting cost ( V 3 I 2 1 ) i s computed as the difference between the total 
inflated harvesting cost allowance per cord ( E 6 ) and the harvesting cost 
per cord ( V 3 I 1 6 ) . The total inflated harvesting cost allowance per cord 
1 . U 2 
( E 6 ) i s computed by subprogram 19 and the h a r v e s t i n g cos t per cord ( V 3 I 1 6 ) 
i s computed by subprogram 13 . 
The i n i t i a l value a t p l a n t i n g time of a l l inves tments and expenses 
(INV) i s computed by subprogram 1 k. IN? va lues a r e used both where s i t e 
c lea rance cos t (SPC1) i s and i s not r e q u i r e d . 
The p r i v a t e landowner ' s r a t e of r e t u r n (V3I30), when the f o r e s t i s 
harves ted N yea r s a f t e r p l a n t i n g t ime , i s computed by t h e fol lowing equa t ion 
V3I30 = ( V 3 I 2 7 ) 1 / ^ - 1 
The computations for the landowner ' s r a t e of r e t u r n (V3I30) a r e 










V3H6.K = Harvest ing Cost per Cord a t Harves t ing Time (V3I16.K 
i s computed by subprogram 13.) 
E6.K = Tota l I n f l a t ed Harves t ing Cost Allowance pe r Cord a t 
Harves t ing Time (E6.K i s computed by subprogram 20.) 
V3I21 ,K = Stumpage P r i c e Adjustment Term for Harves t ing Cost 
E2.K = To ta l I n f l a t e d Stumpage P r i c e per Cord a t Harves t ing 
Time 
V3I22.K = Stumpage Pr i ce per Cord Adjusted fo r Harves t ing Cost 
a t Harves t ing Time 
V3I23.K = Harves tab le Yield Value p e r Acre a t Harves t ing Time 
V3I60.K = Harves table Yield i n Cords pe r Acre a t Harves t ing Time 
(V3I60.K i s computed by subprogram 12 of the f o r e s t 
growth model.) 
E1,K = Tota l I n f l a t e d Land Value pe r Acre a t Harves t ing Time 
(E1 .K i s computed by subprogram 15>.) 
V3I2I+.K = Tota l Asset Value per Acre a t Harves t ing Time 
V3I27.K = Ratio of To ta l Asset Value pe r Acre a t Harves t ing Time 
to To ta l Value pe r Acre of Al l Investments and 
Expenses a t P l a n t i n g Time 
11*3 
NIV.K * Total Value per Acre of All Investments and Expenses 
at Planting Time (NIV i s computed by subprogram 11;.) 
V3I32.K «* CLIP Function (V3I32 .K i s assigned the value of V3I27.K 
when V3I27.K i s equal to or greater that 1 or V3I32.K 
i s assigned a value of 1 when V3I27.K is less than 1.) 
V3I28.K « Computational Factor for V3I29.K 
V3I29.K - Computational Term for V3I30.K 
P * 1 (Computational constant i s established by subprogram 
1 of the forest growth model.) 
V3I30.K * Private Landowner's Rate of Return on Forest 
Investment and Expenses 
Subprogram 23 
The paper company's management objective for i t s forest i s assumed 
to be minimum wood cost. The paper company's cost of growing wood i s 
determined relative to harvesting cost and forest planning and management 
alternatives. The wood cost per cord (CWC11*), adjusted for harvesting 
cost relative to harvesting cost allowance, i s computed as the sum of the 
stumpage price adjustment term for harvesting cost (V3I21) and the wood 
growing cost (CWC13). The paper company's wood cost is determined when 
funds are diverted into forest investments in l ieu of industrial invest­
ments. Cases are considered where both s ite clearance is and i s not re ­
quired. The paper company's wood cost i s also determined when the company 
borrows funds for forest investments and expenses as they are required. 
Site clearance i s required for a l l the cases considered when funds are 
borrowed as needed. 
The stumpage price adjustment term for harvesting cost ( V 3 I 2 1 ) i s 
computed by subprogram 22. V 3 I 2 1 i s the difference (positive if V 3 I 1 6 
i s more than E6 and negative for the converse) between harvesting cost 
per cord at planting time ( V 3 I 1 6 as computed by subprogram 13) and the 
harvesting cost allowance per cord at planting time (E6 as computed by 
1 U U 
subprogram 20.) 
The wood growing cost per cord (CWC13) is computed by dividing 
the total growing cost per acre (CWC12) by the harvestable cords per 
acre (V3I60). V3I60 i s computed by subprogram 1 2 of the forest growth 
model. The total wood growing cost per acre (CWC12) i s the sum of 
in i t ia l investment and expenses per acre (CWC6), cummulative annual 
management cost expended per acre (CWCU#2), cummulative annual tax cost 
expended per acre (CWC1) , and cummulative investment cost per acre (CWC11) 
minus the land value per acre at harvesting time ( E 1 ) . The land value 
at harvesting time ( E 1 ) is deducted to compute the actual growing cost. 
The land value at planting time ( E 1 ) i s computed by subprogram 1$ . 
The i n i t i a l investment and expenses per acre (CWC6) are the sum 
of the in i t i a l land value per acre at planting time (TLV), combined site 
preparation and planting cost per acre at planting time (SPPC), and site 
clearing cost per acre at planting time (SPC1). The i n i t i a l land value 
at planting time (TLV) is computed by subprogram 15> as TE1B2 which i s a 
function of the land site index. The combined site preparation and 
planting costs per acre at planting time i s computed by subprogram 1U as 
the sum of the s i te preparation cost per acre (SPC), tree seedling cost 
per acre (TC), and tree seedling planting cost per acre (PC). The s ite 
clearing cost per acre at planting time (SPC1) i s determined in subpro­
gram 1U. 
The tota l inflated annual management cost a t the next computa­
tional instant ( E U ) i s computed by subprogram 18. Since this annual 
management cost ( E U ) i s computed for the next computational instant, i t 
i s delayed to the next computational instant and added to the cummulative 
inflated annual management cost per acre required at the current 
computational instant (CWC2). The annual management cost i s made avail­
able at the beginning of the applicable year and expended between the 
current computational instant (applicable year) and the next computational 
instant (next year). In view of th i s , the cummulative inflated annual 
management cost per acre required at the current computational instant 
(CWC2) i s delayed to the next computational instant to determine the 
cummulative inflated annual management cost per acre (CWCij#2) expended 
at the current computational instant. 
The total inflated annual tax rate per acre at the current com­
putational instant (E3) i s computed by subprogram 17. The annual tax 
rate i s computed at the beginning of the applicable year and paid at the 
end of the year. In view of th i s , the to ta l inflated annual tax rate per 
acre (E3) i s delayed to the next computational instant and added to the 
cummulative annual tax cost to determine the cummulative inflated annual 
tax cost per acre (CWC1) at the current computational instant . 
The cummulative investment cost per acre (CWC11) i s determined by 
the cummulative interest on funds invested in the forest. The investment 
cost at the next computational instant (CWC9) i s the product of the inter­
est rate (CWC8) and the total investment value at the current computa­
tional instant (CWC7)« The total investment value at the current computa­
tional instant (CWC7) i s the sum of the i n i t i a l investment and expenses 
per acre (CWC6), the combined cummulative tax and management cost expended 
at current computational instant (CWC£), and the cummulative interest a t 
the current computational instant (CWC11). 
The interest rate (CWC8) i s assigned a value of 6 percent if the 
11*6 
paper company borrows funds as needed for forest investments and expenses, 
The interest rate (CWC8) i s assigned a value of 9 percent to represent 
lost profits after taxes if the paper company diverts funds from indus­
t r i a l investments into the forest. 
The investment cost at the next computational instant (CWC9) i s 
delayed until the next computational instant . The delayed values of CWC9 
are added to the past cummulative Interest to determine the cummulative 
Interest at the current computational instant (CWC11)• 
These computations are summarized as follows t 
6R K3.KL-E3.K 
51L CWC1 .K-CWC1. J+(DT) (K3 .JK+0) 
6N CWC1-0 
6R KU.KL-EU.K 
51L CWC2.K-CWC2. J+(DT) (Kl;.JK+0) 
6N C ¥ C 2 « 1 . 5 0 
6A CWI&#1.K«CW32.K 




8A C¥C7.K»C¥C6.K+CTrfC5.K+CWC11 .K 
1 2 R C¥C9«KL-(CWC8.K)(CWC7.K) 
C CWC8-.06 
51L CWC11 .K-CWC11 ,J+(DT) (CWC9.JK+0) 
6N CWC11-0 
10A CWC12.K»CWC56.K+G¥CU*2.K+CWC1 .K+CWC11 .K-B1 .K+0 
2 0 A CWC13.K«CWC12. K / V 3 I 6 0 . K 
7A CWC1 h. K*CWC13 • K+V3I21 . K 
E3*>K B Total Inflated Annual Tax Rate per Acre at Current 
Computational Instant (E3 .K i s computed by subprogram 
17.) 
K3.KL « Tax Cast per Acre at Current Computational Instant 
(The tax cost at the current computational instant i s 
the tax rate computed at the prior computational 
instant.) 
CWC1.K • Cummulative Inflated Annual Tax Cost per Acre at the 
Current Computational Instant 
EU.K « Total Inflated Annual Management Cost per Acre at the 
Next Computational Instant (EU.K I S computed by 
subprogram 1 8 . ) 
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CWC2.K • Cummulative Inflated Annual Management Cost per Acre 
Required at the Current Computati onal Instant 
CWCU*1.K« Helps CWCU.K and CWCl**2.K Delay CWC2.K Values 1 
Computational Interval 
CWCU.K » Helps CWCl**1.K and CWCl**2.K Delay CWC2.K Values 1 
Computational Interval 
CWCU* * I n i t i a l Values of CWCl*.K 
CWCl**2.K«* Cummulative Inflated Annual Management Cost per Acre 
Expended at the Current Computational Instant 
CWCU.K « Combined Cummulative Tax and Management Cost Expended 
at Current Computational Instant 
CWC60K = In i t ia l Investments and Expenses per Acre at Planting 
Time 
ILV.K * I n i t i a l Land Value per Acre at Planting Time (ILV.K 
is assigned the value of TE1B2 by subprogram 11* and 
TE1B2 i s computed by subprogram 150 
SPPC.K * Combined Site Preparation and Planting Cost per Acre 
at Planting Time (SPPC.K i s computed by subprogram 
11*0 
SPC1 = Site Clearing Cost per Acre at Planting Time (SPC1 
value i s assigned by subprogram 1l*.) 
CWC7.K • Total Investment Value at the Current Computational 
Instant 
CWCU.K = Cummulative Interest at the Current Computational 
Instant 
CWC8 • Interest Rate (CW38 i s the interest rate if funds are 
borrowed as needed or CWC8 i s the profit loss rate if 
funds are diverted from industrial investments.) 
CWC9.KL 85 Investment Cost at the Current Computational Instant 
CWC12.K » Total Wood Growing Cost per Acre at Current 
Computational Instant 
V 3 I 6 0 . K * Harvestable Yield in Cords per Acre at Harvesting 
Time ( V 3 I 6 0 . K i s computed by subprogram 1 2 of the 
forest growth model.) 
E1 .K - Land Value at Harvesting Time (E1.K i s computed by-
subprogram 150 
CWC13.K = Total Wood Growing Cost per Cord 
V 3 I 2 1 . K = Stumpage Price Adjustment Term for Harvesting Cost 
( V 3 I 2 1 . K i s computed by subprogram 2 2 . ) 
CWC11*.K * Total Wood Growing Cost per Cord Adjusted for Har­
vesting Cost Relative to Harvesting Cost Allowance 
11*8 
CHAPTER X 
ECONOMIC MODEL EXPERIMENTATION AND RESULTS 
The economic model i s developed to economically evaluate the 
proposed harvester design in conjunction with forest planning and manage­
ment alternatives relative to economically oriented management objectives 
by model experimentation. 
The economic model experimentation i s conducted for various 
forest planning and management alternatives to determine the independent 
landowners rate of return, the paper company^ wood cost, harvesting 
cost, productivity of the harvester, and related data for these alterna­
t ives . During the model experimentation, the i n i t i a l planting density 
(TPA) i s varied from 200 to 1,000 trees per acre in 100 trees per acre 
increments for s i te indices 1*0, 56, 60, 70, and 80. The harvesting age 
i s varied from 0 to 1*0 years in 1 year increments for each of the plant­
ing densities on each s i te index. 
The landowner's rate of return is computed for each of the forest 
planning and management alternatives when s i te clearance i s required and 
when i t i s not required. The results are plotted for harvesting ages 
of 10 to 1+0 years and presented in figures as follows: 
(1) Independent Landowner's Rate of Return on Forest Investment 
and Growing Cost (Site Clearance Required) versus Age for I n i t i a l Plant­
ing Densities of 200 to 1,000 Trees per Acre on Land with: Site Index 
1*0 i s Figure 35, Site Index 50 i s Figure 36, Site Index 60 i s Figure 10, 
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S i t e I n d e x 70 i s F i g u r e 37, a n d S i t e I n d e x 80 i s F i g u r e 38. 
(2) I n d e p e n d e n t L a n d o w n e r ' s R a t e o f R e t u r n o n F o r e s t I n v e s t m e n t 
a n d G r o w i n g C o s t ( S i t e C l e a r a n c e N o t R e q u i r e d ) v e r s u s A g e f o r I n i t i a l 
P l a n t i n g D e n s i t i e s o f 200 t o 1,000 T r e e s p e r A c r e o n L a n d w i t h : S i t e 
I n d e x 1*0 i s F i g u r e 39, S i t e I n d e x 5>0 i s F i g u r e 1*0, S i t e I n d e x 60 i s 
F i g u r e 11, S i t e I n d e x 70 i s F i g u r e 1*1, a n d S i t e I n d e x 80 i s F i g u r e 1*2. 
T h e p a p e r c o m p a n y ' s w o o d c o s t , a d j u s t e d f o r h a r v e s t i n g c o s t , i s 
c o m p u t e d f o r e a c h o f t h e f o r e s t p l a n n i n g a n d m a n a g e m e n t a l t e r n a t i v e s w h e n 
t h e c o m p a n y d i v e r t s f u n d s f r o m i n d u s t r i a l i n v e s t m e n t s (9 p e r c e n t e x p e c t e d 
p r o f i t ) i n t o f o r e s t i n v e s t m e n t s . T h e s e c o m p u t a t i o n s a r e c o m p u t e d b o t h 
w h e n s i t e c l e a r a n c e i s r e q u i r e d a n d w h e n i t i s n o t r e q u i r e d . T h e r e s u l t s 
a r e p l o t t e d f o r h a r v e s t i n g a g e s o f 10 t o 1*0 y e a r s a n d p r e s e n t e d i n f i g u r e s 
a s f o l l o w s : 
(1) P a p e r C o m p a n y ' s W o o d G r o w i n g C o s t U t i l i z i n g C o m p a n y I n d u s t r i a l 
F u n d s ( S i t e C l e a r a n c e R e q u i r e d ) v e r s u s A g e f o r I n i t i a l P l a n t i n g D e n s i t i e s 
o f 200 t o 1,000 T r e e s p e r A c r e o n L a n d w i t h : S i t e I n d e x 1*0 i s F i g u r e 1*3, 
S i t e I n d e x £0 i s F i g u r e 1*1*, S i t e I n d e x 60 i s F i g u r e 12, S i t e I n d e x 70 i s 
F i g u r e 1*5>, a n d S i t e I n d e x 80 i s F i g u r e 1*6. 
(2) P a p e r C o m p a n y ' s W o o d G r o w i n g C o s t U t i l i z i n g C o m p a n y I n d u s t r i a l 
F u n d s ( S i t e C l e a r a n c e N o t R e q u i r e d ) v e r s u s A g e f o r I n i t i a l P l a n t i n g D e n ­
s i t i e s o f 200 t o 1,000 T r e e s p e r A c r e o n L a n d w i t h : S i t e I n d e x 1*0 i s 
F i g u r e 1*7, S i t e I n d e x £0 i s F i g u r e 1*8, S i t e I n d e x 60 i s F i g u r e 13, S i t e 
I n d e x 70 i s F i g u r e 1*9, a n d S i t e I n d e x 80 i s F i g u r e 50. 
T h e p a p e r c o m p a n y ' s w o o d c o s t i s c o m p u t e d f o r e a c h o f t h e f o r e s t 
p l a n n i n g a n d m a n a g e m e n t a l t e r n a t i v e s w h e n t h e p a p e r c o m p a n y b o r r o w s f u n d s 
( a t 6 p e r c e n t i n t e r e s t ) a s t h e y a r e r e q u i r e d f o r f o r e s t i n v e s t m e n t s a n d 
150 
e x p e n s e s . T h e s e c o m p u t a t i o n s a r e c o m p u t e d o n l y w h e n s i t e c l e a r a n c e i s 
r e q u i r e d . T h e r e s u l t s a r e p l o t t e d f o r h a r v e s t i n g a g e s o f 10 t o h0 y e a r s 
a n d p r e s e n t e d i n f i g u r e s a s f o l l o w s : 
r 
P a p e r C o m p a n y ' s G r o w i n g C o s t p e r C o r d a t 6 P e r c e n t I n t e r e s t o n 
F o r e s t I n v e s t m e n t a n d G r o w i n g C o s t ( S i t e C l e a r a n c e R e q u i r e d ) v e r s u s A g e 
f o r I n i t i a l P l a n t i n g D e n s i t i e s o f 200 t o 1,000 T r e e s p e r A c r e o n L a n d 
w i t h : S i t e I n d e x liO i s F i g u r e 5>1, S i t e I n d e x 5>0 i s F i g u r e 52, S i t e I n d e x 
60 i s F i g u r e 'ih, S i t e I n d e x 70 i s F i g u r e 53, a n d S i t e I n d e x 80 i s F i g u r e 
5U. 
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Figure 10. Independent Landowner's Rate of Return on Forest Investment 
and Growing Cost (Site Clearance Required) versus Age for 
I n i t i a l Planting Densities of 200 to 1,000 Trees per Acre on 
Land with Si te Index 60 
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F i g u r e 12. P a p e r C o m p a n y ' s W o o d G r o w i n g C o s t U t i l i z i n g C o m p a n y I n d u s t r i a l 
F u n d s ( S i t e C l e a r a n c e R e q u i r e d ) v e r s u s A g e f o r I n i t i a l 
P l a n t i n g D e n s i t i e s o f 200 t o 1,000 T r e e s p e r A c r e o n L a n d 
w i t h S i t e I n d e x 60 
152. 
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F i g u r e 13. P a p e r C o m p a n y ' s W o o d G r o w i n g C o s t U t i l i z i n g C o m p a n y I n d u s t r i a l 
F u n d s ( S i t e C l e a r a n c e N o t R e q u i r e d ) v e r s u s A g e f o r I n i t i a l 
P l a n t i n g D e n s i t i e s o f 200 t o 1,000 T r e e s p e r A c r e o n L a n d 
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Figure 1U. Paper Company's Wood Growing Cost per Cord at 6 Percent 
Interest on Investment and Growing Cost (Site Clearance 
Required) versus Age for I n i t i a l Planting Densities of 
200 to 1,000 Trees per Acre on Land with S i te Index 60 
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C H A P T E R X I 
D I S C U S S I O N O F T H E R E S U L T S 
T h e h a r v e s t e r s i m u l a t i o n m o d e l i s u s e d t o d e t e r m i n e t h e p r o p o s e d 
h a r v e s t e r p r o c e s s i n g t i m e p e r t r e e a s a f u n c t i o n o f t r e e a n d f o r e s t 
c h a r a c t e r i s t i c s ( t r e e l o c a t i o n a n d s i z e ) . T h e r e s u l t s o f t h e h a r v e s t e r 
s i m u l a t i o n m o d e l e x p e r i m e n t a t i o n a r e s u m m a r i z e d i n T a b l e s 2 a n d 3 . 
T h e f o r e s t g r o w t h m o d e l i s u s e d t o d e t e r m i n e t r e e a n d f o r e s t 
c h a r a c t e r i s t i c s ( t r e e d i a m e t e r , h e i g h t , v o l u m e , w e i g h t , a n d d i s t r i b u t i o n 
d e n s i t y ) a s a f u n c t i o n o f f o r e s t p l a n n i n g a n d m a n a g e m e n t ( p l a n t i n g d e n ­
s i t y , s i t e i n d e x , a n d t r e e a g e ) . T h e r e s u l t s o f t h e f o r e s t g r o w t h m o d e l 
e x p e r i m e n t a t i o n a r e s u m m a r i z e d i n F i g u r e s h t h r o u g h 9 a n d 1$ t h r o u g h 3h. 
T h e e c o n o m i c m o d e l i s u s e d t o e c o n o m i c a l l y e v a l u a t e t h e p r o p o s e d 
h a r v e s t e r d e s i g n i n c o n j u n c t i o n w i t h f o r e s t p l a n n i n g a n d m a n a g e m e n t a l t e r ­
n a t i v e s . T h i s e c o n o m i c m o d e l u t i l i z e s t h e r e s u l t s o f t h e f o r e s t g r o w t h 
m o d e l t o d e t e r m i n e t r e e a n d f o r e s t c h a r a c t e r i s t i c s r e l a t e d t o f o r e s t 
p l a n n i n g a n d m a n a g e m e n t a l t e r n a t i v e s . T h e r e s u l t s o f t h e h a r v e s t e r s i m u l a ­
t i o n m o d e l a r e u t i l i z e d t o d e t e r m i n e t h e h a r v e s t i n g c o s t r e l a t e d t o t h e 
t r e e a n d f o r e s t c h a r a c t e r i s t i c s . T h e e c o n o m i c m o d e l a l s o d e t e r m i n e s f o r e s t 
g r o w i n g c o s t a n d f o r e s t v a l u e r e l a t e d t o t h e f o r e s t p l a n n i n g a n d m a n a g e ­
m e n t a l t e r n a t i v e s . T h e e c o n o m i c e v a l u a t i o n i s b a s e d o n t h e m a x i m u m r a t e 
o f r e t u r n o n f o r e s t i n v e s t m e n t s a n d g r o w i n g c o s t f o r t h e p r i v a t e l a n d o w n e r 
a n d m i n i m u m w o o d g r o w i n g c o s t f o r t h e p a p e r c o m p a n y . T h e l a n d o w n e r ' s 
r a t e o f r e t u r n i s d e t e r m i n e d r e l a t i v e t o t h e f o r e s t p l a n n i n g a n d m a n a g e ­
m e n t a l t e r n a t i v e s w h e r e s i t e c l e a r i n g c o s t i s b o t h r e q u i r e d a n d n o t 
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required. The paper company's wood growing cost i s determined r e l a t i ve 
to the forest planning and management a l ternat ives when the paper 
company diverts industr ia l funds into forest investments and when the 
paper company borrows funds for forest investments. The paper company's 
wood growing cost (where funds are diverted from industr ia l investments) 
i s determined for cases where s i t e clearance i s required and where i t 
i s not required. The paper company's wood growing cost (where funds 
are borrowed) i s determined only for cases where s i t e clearance i s re­
quired. The resul ts are summarized in Figures 10 through 1U and 35 
through 5U. 
The data developed by the economic model are reviewed to identify 
the forest planning and management al ternat ives (in conjunction with the 
harvester design) that optimize the economic objectives of the independent 
landowner (maximum rate of return) and the paper company (minimum wood 
growing c o s t ) . The tree and forest charac ter i s t ics , harvester performance 
and operating cost , and related economic data are identif ied re la t ive to 
the optimal forest planning and management a l ternat ives ( i n i t i a l planting 
and harvesting age related to s i t e index) . The data are summarized in 
Tables 10 through 1U. 
Data for the independent landowner with s i t e index hO are not pre­
sented in Tables 10 and 11 because the rates of return do not peak a t 
hO years (age l imi t of the simulation). Projections of the rate of return 
curves for s i t e index hO indicate the rates of return are l e s s than 5 
percent, which i s considered a poor investment. 
The land s i t e index has a major a f fec t on the rate of return and 
wood growing cost . The low s i t e indices resul t in marginal rates of 
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T a b l e 10. S u m m a r y o f D a t a R e l a t e d t o M a x i m u m R a t e o f R e t u r n f o r t h e 
I n d e p e n d e n t L a n d o w n e r W h e n S i t e C l e a r a n c e I s R e q u i r e d 
S i t e I n d e x 
5O 60 7 0 80 
M a x i m u m R a t e o f R e t u r n ( P e r c e n t ) 5.71 7 .30 9.02 10.78 
H a r v e s t i n g A g e ( Y e a r s ) 36 2 8 2 2 18 
I n i t i a l P l a n t i n g D e n s i t y ( T r e e s p e r A c r e ) koo 5OO 600 7 0 0 
S u r v i v a l a t H a r v e s t i n g T i m e ( P e r c e n t ) 66 7 0 7h 7 6 
T r e e D . B . H . ( I n c h e s ) 9.73 9.12 8.57 8.19 
T r e e H e i g h t ( F e e t ) 58 63 65 66 
T r e e W e i g h t ( P o u n d s ) 
m 802 728 666 H a r v e s t a b l e Y i e l d A v e r a g e ( C o r d / A c r e / Y e a r ) 1.15 1 .86 2.71 3.6h H a r v e s t a b l e Y i e l d P e r c e n t a g e o f M a x i m u m Y i e l d 9 9 9 8 97 97 H a r v e s t e r O p e r a t i n g T i m e ( S e c o n d s p e r T r e e ) 23 21 1 9 18 
M a n - H a r v e s t e r P r o d u c t i o n R a t e ( C o r d s / 
M a n - H a r v e s t e r H o u r ) 2h.k 25.6 25.0 2U.0 
H a r v e s t i n g C o s t ( D o l l a r s p e r C o r d ) 3.56 2.68 2.30 2.13 
E q u i v a l e n t H a r v e s t i n g C o s t a t P l a n t i n g 
T i m e ( D o l l a r s p e r C o r d ) 1.23 1 .17 1.20 1.25 
H a r v e s t i n g C o s t A l l o w a n c e ( D o l l a r s p e r 
C o r d ) U.35 3.U3 2.88 2.58 
S t u m p a g e P r i c e a t H a r v e s t i n g T i m e 
( D o l l a r s p e r C o r d ) 23.19 18.30 15.32 13.62 
A d j u s t e d S t u m p a g e P r i c e f o r H a r v e s t i n g 
C o s t ( D o l l a r s p e r C o r d ) 
23.98 19.05 15.90 1LU07 
C h a n g e i n S t u m p a g e P r i c e D u e t o 
H a r v e s t i n g C o s t ( P e r c e n t ) +3.JU +U.1 +3.8 +3.3 
S t u m p a g e P r i c e a t H a r v e s t i n g T i m e p l u s 
H a r v e s t i n g C o s t A l l o w a n c e 
( D o l l a r s p e r C o r d ) 27.5U 21.73 18.20 16.20 
H a r v e s t i n g C o s t P e r c e n t a g e o f C o m b i n e d 
S t u m p a g e P r i c e a n d H a r v e s t i n g 
A l l o w a n c e 12.9 12.3 12.62 13.15 
1 5 9 
T a b l e 1 1 . S u m m a r y o f D a t a R e l a t e d t o M a x i m u m R a t e o f R e t u r n f o r t h e 
I n d e p e n d e n t L a n d o w n e r W h e n S i t e C l e a r a n c e I s N o t R e q u i r e d 
S i t e I n d e x 
5 0 6 0 7 0 8 0 
M a x i m u m R a t e o f R e t u r n ( P e r c e n t ) 6 . 1 3 7 . 8 6 9 . 6 8 1 1 . 5 5 
H a r v e s t i n g A g e ( Y e a r s ) 3 2 . 2 5 2 1 1 8 
I n i t i a l P l a n t i n g D e n s i t y ( T r e e s p e r A c r e ) 5 o o 6 o o 7 0 0 7 0 0 
S u r v i v a l a t H a r v e s t i n g T i m e ( P e r c e n t ) 6 8 7 2 7 U 7 6 
T r e e D . B . H . ( I n c h e s ) 8 , 3 9 8 . 0 3 7 . 9 1 8 . 1 9 
T r e e H e i g h t ( F e e t ) 5 6 6 0 61* 66 
T r e e W e i g h t ( P o u n d s ) 5 8 5 5 7 6 5 9 5 666 
H a r v e s t a b l e Y i e l d A v e r a g e ( C o r d / A c r e / Y e a r ) 1 . 1 5 1 . 8 3 2 . 7 1 3 . 6 U 
H a r v e s t a b l e Y i e l d P e r c e n t a g e o f 
M a x i m u m Y i e l d 9 9 9 8 9 7 9 7 
H a r v e s t e r O p e r a t i n g T i m e ( S e c o n d s p e r T r e e ) 2 1 1 9 1 9 1 8 
M a n - H a r v e s t e r P r o d u c t i o n R a t e ( C o r d s / 
M a n - H a r v e s t e r H o u r ) 1 9 . 0 1 9 . 8 5 2 1 , 1 * 2 i * ; o 
H a r v e s t i n g C o s t ( D o l l a r s p e r C o r d ) l * . o 6 3 . 1 6 2 . 6 0 2 . 1 3 
E q u i v a l e n t H a r v e s t i n g C o s t a t P l a n t i n g 
T i m e ( D o l l a r s p e r C o r d ) 1 . 5 8 1 . 5 1 1 .1*0 1 . 2 5 
H a r v e s t i n g C o s t A l l o w a n c e ( D o l l a r s p e r C o r d ) 3 . 8 6 3 . 1 1 * 2 . 7 ? 2 . 5 8 
S t u m p a g e P r i c e a t H a r v e s t i n g T i m e 
( D o l l a r s p e r C o r d ) 2 0 . 6 0 1 6 . 7 5 1 1 * . 8 9 1 3 . 6 2 
A d j u s t e d S t u m p a g e P r i c e f o r H a r v e s t i n g 
C o s t ( D o l l a r s p e r C o r d ) 2 0 . 1 * 0 1 6 . 7 3 1 5 . 0 9 1 l * . 0 7 
C h a n g e i n S t u m p a g e P r i c e D u e t o 
H a r v e s t i n g C o s t ( P e r c e n t ) - 1 . 0 0 + 1 . 2 9 + 3 . 3 
S t u m p a g e P r i c e a t H a r v e s t i n g T i m e p l u s 
H a r v e s t i n g C o s t A l l o w a n c e 
( D o l l a r s p e r C o r d ) 2 l | . l | 6 1 9 . 8 9 1 7 . 6 8 1 6 . 2 0 
S t u m p a g e P r i c e a n d H a r v e s t i n g A l l o w a n c e 1 6 . 7 1 5 . 9 1 1 * . 7 1 3 . 1 5 
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Table 12. Summary of Data Re la t ed t o Minimum Wood Cost f o r t h e Paper 
Company When S i t e Clearance i s Required and t h e Paper Company 
U t i l i z e s I n d u s t r i a l Funds fo r F o r e s t Investments and Growing 
Expenses 
S i t e Index 
ho 5 0 6 0 7 0 8 0 
Minimum Wood Cost Adjusted fo r Har­
v e s t e r Cost (Dol la r s p e r Cord) 8 0 . 5 1 3 7 . 5 2 2 1 . 0 1 * 1 3 . 0 6 8 . 6 0 
Harves t ing Age (Years) 
2/4 
2 1 2 0 1 9 1 8 
I n i t i a l P l a n t i n g Dens i ty (Trees pe r 
Acre) 8 0 0 9 0 0 8 0 0 8 0 0 7 0 0 
Surv iva l a t Harves t ing Time (Percen t ) 7 2 7 3 71*" 7 5 7 6 
Tree D.B.H. ( Inches) 5 . 1 2 5 . 5 5 6 . 1 * 9 7 . 1 9 8 . 1 9 
Tree Height (Fee t ) 3 9 1 * 5 5 3 6 0 6 6 
Tree Weight (Pounds) 1 1 1 * 1 7 5 3 1 0 1 * 5 0 6 6 6 
Harves t ab le Yie ld Average (Cords/ 
Acre/Year) . 5 1 1 . 0 2 1 . 7 1 2 . 6 3 3 . 6 1 * 
Harves tab le Y ie ld Percentage of 
Maximum Yie ld 8 8 8 7 9 0 91* 9 5 
Harves t e r Opera t ing Time 
(Seconds p e r Tree) 1 6 1 6 1 7 1 8 1 8 
Man-Harvester Product ion Rate (Cords / 
Man-Harvester Hour) l * . 6 i * 7 . 2 1 2 . 1 5 1 7 . 1 5 • 2 1 * . 0 
Harves t ing Cost (Do l l a r s p e r Cord) 1 3 . 1 9 7 . 7 5 1*.1*6 3 . 6 5 2 . 1 3 
Equiva len t Harves t ing Cost a t P l a n t i n g 
Time (Dol la r s p e r Cord) 6 . 1 * 7 2*.17 2 . 1 * 7 1 . 7 5 1 . 2 5 
Harves t ing Cost Allowance 
(Do l l a r s pe r Cord) 3 . 0 5 2 . 7 9 2 . 7 1 2 . 6 3 2 . 5 8 
Stumpage P r i c e a t Harves t ing Time 
(Dol la r s p e r Cord) 1 6 . 2 9 1 1 * . 8 9 1 1 * . 1 * 3 1 1 * . 0 2 1 3 . 6 2 
Wood Growing Cost Adjusted f o r Har­
v e s t i n g Cost p lu s Harves t ing 
Cost Allowance (Dol la rs p e r 
Cord) 8 3 . 5 6 1 * 0 . 3 1 2 3 . 7 5 1 5 . 6 9 1 1 . 1 8 
Harves t ing Cost Percentage of Combined 
Wood Growing Cost Adjusted f o r 
Harves t ing Cost p l u s Harves t ing 
Cost Allowance 1 5 . 8 1 9 . 3 1 8 . 8 2 3 . 3 1 9 . 1 
1 6 1 
T a b l e 1 3 . S u m m a r y o f D a t a R e l a t e d t o M i n i m u m W o o d C o s t f o r t h e P a p e r 
C o m p a n y W h e n S i t e C l e a r a n c e I s H o t R e q u i r e d a n d t h e P a p e r 
C o m p a n y U t i l i z e s I n d u s t r i a l F u n d s f o r F o r e s t I n v e s t m e n t s a n d 
G r o w i n g E x p e n s e s 
S i t e I n d e x 
ho 50 60 70 80 
M i n i m u m W o o d C o s t A d j u s t e d f o r H a r ­
v e s t i n g C o s t ( D o l l a r s p e r C o r d ) 67.37 3 1 . 7 1 1 7.76 11.00 7.16 
H a r v e s t i n g A g e ( Y e a r s ) 
I n i t i a l P l a n t i n g D e n s i t y ( T r e e s p e r 
23 21 20 20 18 
A c r e ) 700 800 800 700 700 
S u r v i v a l a t H a r v e s t i n g T i m e ( P e r c e n t ) Ik Ih Ik 75 7 6 
T r e e D . B . H . ( I n c h e s ) 5.16 5.71 6 . 4 9 7.70 8.19 
T r e e H e i g h t ( F e e t ) 38 16 53 62 66 
T r e e W e i g h t ( P o u n d s ) 112 188 310 5U3 666 
H a r v e s t a b l e Y i e l d A v e r a g e ( C o r d s / 
A c r e / Y e a r ) •1*7 .98 1 . 7 1 2.63 3.64 
H a r v e s t a b l e Y i e l d P e r c e n t a g e o f 
M i n i m u m Y i e l d 7k 85 90 9k 97 
H a r v e s t e r O p e r a t i n g T i m e 
( S e c o n d s p e r T r e e ) 1 7 1 7 1 7 1 8 1 8 
M a n - H a r v e s t e r P r o d u c t i o n R a t e ( C o r d s / 
M a n - H a r v e s t e r H o u r ) 4-55 7.6 12.15 1 9.85 2k 
H a r v e s t i n g C o s t ( D o l l a r s p e r C o r d ) 
E q u i v a l e n t H a r v e s t i n g C o s t a t P l a n t i n g 
13.02 7.32 4.46 2.72 2.13 
T i m e ( D o l l a r s p e r C o r d ) 6.60 3-9.U 2.i;7 1.51 1.25 
H a r v e s t i n g C o s t A l l o w a n c e 
( D o l l a r s p e r C o r d ) 2.96 2.79 2 . 7 1 2 . 7 1 2.58 
S t u m p a g e P r i c e a t H a r v e s t i n g T i m e 
( D o l l a r s p e r C o r d ) 15.79 1 4 . 8 9 1 4 . 4 3 1 4 . 4 3 13.62 
W o o d G r o w i n g C o s t A d j u s t e d f o r H a r ­
v e s t i n g C o s t p l u s H a r v e s t i n g 
C o s t A l l o w a n c e ( D o l l a r s p e r 
C o r d ) 70.33 34.50 20.ii7 13 . 7 1 9.74 
H a r v e s t i n g C o s t P e r c e n t a g e o f C o m b i n e d 
W o o d G r o w i n g C o s t A d j u s t e d f o r 
H a r v e s t i n g C o s t p l u s H a r v e s t i n g 
C o s t A l l o w a n c e 18.6 21.2 21.8 19.8 21.9 
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T a b l e 1 2 * . S u m m a r y o f D a t a R e l a t e d t o M L n i m u m W o o d C o s t f o r t h e P a p e r 
C o m p a n y W h e n S i t e C l e a r a n c e i s R e q u i r e d a n d t h e P a p e r 
C o m p a n y B o r r o w s F u n d s f o r F o r e s t I n v e s t m e n t s a n d G r o w i n g 
E x p e n s e s 
S i t e I n d e x 
ho 5o 60 70 80 
l l i n i m u m W o o d C o s t A d j u s t e d f o r H a r ­
v e s t i n g C o s t ( D o l l a r s p e r C o r d ) 2*2.68 20.10 10.91 6.1*1 2*.18 
H a r v e s t i n g A g e ( Y e a r s ) 29 27 25 22 21 
I n i t i a l P l a n t i n g D e n s i t y ( T r e e s p e r 
A c r e ) 700 600 600 600 600 
S u r v i v a l a t H a r v e s t i n g T i m e ( P e r c e n t ) 69 71 72 Ih 72* 
T r e e D . B . H . ( I n c h e s ) 5.88 7.12* 8.03 8.57 9.1*0 
T r e e H e i g h t ( F e e t ) 1*3 52 60 65 73 
T r e e W e i g h t ( P o u n d s ) 188 378 576 728 993 
H a r v e s t a b l e Y i e l d A v e r a g e ( C o r d s / 
A c r e / Y e a r ) .58 1.10 1.83 2.70 3.66 
H a r v e s t a b l e Y i e l d P e r c e n t a g e 
M a x i m u m Y i e l d 90 95 97 97 98 
H a r v e s t e r O p e r a t i n g T i m e 
( S e c o n d s p e r T r e e ) 18 18 19 19 20 
M a n - H a r v e s t e r P r o d u c t i o n R a t e ( C o r d s / 
M a n - H a r v e s t e r H o u r ) 7.15 13.6 19.85 25 .0 32.2 
H a r v e s t i n g C o s t ( D o l l a r s p e r C o r d ) 9-90 2*. 9 0 3.16 2.30 1.73 
E q u i v a l e n t H a r v e s t i n g a t P l a n t i n g 
T i m e ( D o l l a r s p e r C o r d ) 1*.20 2.20 1.51 1.20 .93 
H a r v e s t i n g C o s t A l l o w a n c e 
( D o l l a r s p e r C o r d ) 3.53 3.3U 3.11* 2.88 2.79 
S t u m p a g e P r i c e a t H a r v e s t i n g T i m e 
( D o l l a r s p e r C o r d ) 18.82 17.80 16 .75 15-32 11*.89 
W o o d G r o w i n g C o s t A d j u s t e d f o r H a r ­
v e s t i n g C o s t p l u s H a r v e s t i n g 
C o s t A l l o w a n c e ( D o l l a r s p e r 
C o r d ) 2*6.21 23.1*1* 11*.05 9.29 6.97 
H a r v e s t i n g C o s t P e r c e n t a g e o f C o m b i n e d 
W o o d G r o w i n g C o s t A d j u s t e d f o r 
H a r v e s t i n g C o s t p l u s H a r v e s t i n g 
C o s t A l l o w a n c e 2 1 . 5 20.9 22 .5 22*.8 2i*.8 
1 6 3 
r e t u r n a n d u n a c c e p t a b l e g r o w i n g c o s t s ; w h e r e a s t h e h i g h s i t e i n d i c e s 
p r o d u c e v e r y g o o d r a t e s o f r e t u r n a n d l o w w o o d g r o w i n g c o s t s . 
M i e n t h e p a p e r c o m p a n y u t i l i z e s i n d u s t r i a l f u n d s ( w h i c h h a v e a n 
e x p e c t e d a n n u a l p r o f i t r a t e o f 9 p e r c e n t a f t e r t a x e s ) f o r f o r e s t i n v e s t -
m e n t s a n d g r o w i n g e x p e n s e s , t h e p a p e r c o m p a n y ' s w o o d g r o w i n g c o s t ( a d ­
j u s t e d f o r h a r v e s t i n g c o s t ) e x c e e d s t h e s t u m p a g e p r i c e a t h a r v e s t i n g 
t i m e f o r s i t e i n d i c e s b e l o w 7 0 . I n t h i s c a s e , i t c o s t s t h e p a p e r c o m p a n y 
m o r e t o g r o w t h e w o o d t h a n t o b u y w o o d f r o m t h e i n d e p e n d e n t l a n d o w n e r a t 
t h e c u r r e n t s t u m p a g e p r i c e ; t h e r e f o r e , i t i s c o n s i d e r e d d e s i r a b l e f o r 
t h e p a p e r c o m p a n y t o o n l y i n v e s t i n f o r e s t s w i t h s i t e i n d i c e s 7 0 t o 8 0 
w h e n f u n d s a r e d i v e r t e d f r o m i n d u s t r i a l i n v e s t m e n t s . 
W h e n t h e p a p e r c o m p a n y b o r r o w s f u n d s ( a t a n a n n u a l i n t e r e s t r a t e 
o f 6 p e r c e n t ) f o r f o r e s t i n v e s t m e n t s a n d e x p e n s e s , t h e g r o w i n g c o s t e x ­
c e e d s t h e c u r r e n t s t u m p a g e p r i c e f o r s i t e i n d i c e s l e s s t h a n 6 0 . I n 
v i e w o f t h i s , i t i s n o t d e s i r a b l e f o r t h e p a p e r c o m p a n y t o g r o w w o o d o n 
s i t e i n d i c e s l e s s t h a n 6 0 w h e n b o r r o w e d f u n d s a r e b e i n g i n v e s t e d i n t h e 
f o r e s t . 
T h e s i t e c l e a r i n g c o s t a l t e r s t h e l a n d o w n e r ' s r a t e o f r e t u r n b y 
a p p r o x i m a t e l y 7 p e r c e n t . T h e p a p e r c o m p a n y ' s w o o d g r o w i n g c o s t i s 
c h a n g e d a p p r o x i m a t e l y 1 2 p e r c e n t b y s i t e c l e a r i n g c o s t . 
T h e o p t i m a l h a r v e s t i n g a g e v a r i e s f r o m 1 8 t o 3 6 y e a r s . T h e s i t e 
i n d e x h a s t h e m a j o r i n f l u e n c e o n t h e o p t i m a l h a r v e s t i n g a g e . 
T h e o p t i m a l p l a n t i n g d e n s i t i e s v a r y f r o m 2 * 0 0 t o 8 0 0 t r e e s p e r a c r e . 
T h e o p t i m a l p l a n t i n g d e n s i t y f o r t h e i n d e p e n d e n t l a n d o w n e r . i n c r e a s e s a s 
t h e s i t e i n d e x i n c r e a s e s ; w h e r e a s t h e o p t i m a l p l a n t i n g d e n s i t y f o r t h e 
p a p e r c o m p a n y i s n o t a s c l o s e l y r e l a t e d t o t h e s i t e i n d e x . 
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THE MAXIMUM WOOD YIELD I S NOT GREATLY REDUCED AT THE OPTIMAL FOREST 
PLANNING AND MANAGEMENT ALTERNATIVES FOR THE ECONOMICALLY ORIENTED MANAGE­
MENT OBJECTIVES. THE WOOD YIELD AT ALL RECOMMENDED ALTERNATIVES I S AT 
LEAST 9k PERCENT OF THE MAXIMUM Y I E L D . 
THE HARVESTING COST (AT RECOMMENDED FOREST PLANNING AND MANAGEMENT 
ALTERNATIVES) VARIES FROM 1 . 7 3 TO k.06 DOLLARS PER CORD. THE EQUIVALENT 
HARVESTING COST AT PLANTING TIME (EQUIVALENT CURRENT COST) I S . 9 3 TO 1.58 
DOLLARS PER CORD. THIS I S A SIGNIFICANT REDUCTION I N HARVESTING COST AS 
COMPARED TO THE CURRENT HARVESTING COST OF THE BUSCHCOMBINE THAT I S 
REPORTED ( 2 0 ) TO BE 5.70 DOLLARS PER CORD. I N THE CASE OF THE INDEPENDENT 
LANDOWNER, THE HARVESTING COST COMPRISES 12.9 TO 1 6 . 7 PERCENT OF THE COM­
BINED STUMPAGE PRICE AND HARVESTING COST ALLOWANCE. IN THE CASE OF THE 
PAPER COMPANY, THE HARVESTING COST COMPRISES 1 9 . 1 TO 2k•8 PERCENT OF 
THE COMBINED WOOD GROWING COST (ADJUSTED FOR HARVESTING COST) AND 
HARVESTING COST ALLOWANCE. 
THE MAN-HARVESTER PRODUCTION RATE VARIES FROM 17 .15 TO 3 2 . 2 CORDS 
PER HOUR (AT RECOMMENDED FOREST PLANNING AND MANAGEMENT ALTERNATIVES). 
T H I S I S A SIGNIFICANT INCREASE OVER CURRENT MAN-MACHINE PRODUCTION RATES. 
THE TREE CHARACTERISTICS (RELATED TO THE RECOMMENDED FOREST PLANNING 
AND MANAGEMENT ALTERNATIVES) ARE 7 . 1 9 TO 9 . 7 3 INCHES FOR TREE D . B . H . , 
56 TO 7 3 FEET FOR TREE HEIGHT, AND U50 TO 9 9 3 POUNDS FOR TREE WEIGHT. 
THE HARVESTER DESIGN SHOULD BE REFINED FOR THESE TREE CHARACTERISTICS. 
THE ECONOMIC MODEL DATA ARE REVIEWED TO DETERMINE THE S E N S I T I V I T Y 
OF THE LANDOWNER'S RATE OF RETURN AND THE PAPER COMPANY'S WOOD GROWING 
COST RELATIVE TO VARIATIONS FROM THE OPTIMAL HARVESTING AGE. DATA ARE 
REVIEWED FOR 5 YEARS AROUND THE OPTIMAL HARVESTING AGE. THE PLANTING 
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density is maintained at the optimal planting density at the optimal 
harvesting age. The cases considered are for the landowner and paper 
company (funds borrowed) where site clearance is required for site indice 
6 0 and 80. The related data are summarized and presented in Tables 15 
through 18. These data are used to determine the variance in harvesting 
age that maintains the rate of return and wood growing cost within 2 
percent of the optimal values. With this goal, the independent land­
owner's harvesting age can vary from - 4 tc +3 years for site index 60 
and from -1.5.to +2 years for site index 80. In the case of the paper 
company, the harvesting age can vary + 2 years for site index 60 and 
+ 1.5 years for site index 80. The rate of return and wood growing cost 
change at an increasing rate as the harvesting age changes from the 
optimal age. 
The percentage change in harvesting cost is also analyzed as the 
harvesting age is changed from the optimal age. The percentage change 
in harvesting cost is found to be at least 5 times greater than the 
change in the rate of return and the wood growing cost when-variance of 
these objectives is maintained within 2 percent of the optimal values. 
The economic model data are also reviewed to determine the sensi­
tivity of the landowner's rate of return and the paper company's wood 
growing cost relative to variations from the optimal planting density. 
The data are reviewed at the optimal harvesting age at planting densities 
of 200 to 1,000 trees per acre. The data are reviewed for the landowner 
and paper company (funds borrowed) where site clearance is required for 
site indices 60 and 80. The related data are summarized and presented 
in Tables 19 through 22. In all cases reviewed, the planting density 
Table 15' Sensitivity of the Independent Landowner's Rate of Return (Site Clearance Required) to 
Variations from the Optimal Harvesting Age for Site Index 60 at the Optimal Planting 
Density of 500 Trees per Acre 
Equivalent Percentage 
Harvesting Change in 
Cost at Harvesting 
Planting Cost 
Rate of Percent of Tree Tree Tree Time Relative to 
Harvesting Return Maximum Rate D.B.H. Weight Height (Dollars Cost at 
Age (Years) (Percent) of Return (Inches) (Pounds) (Feet) per Cord) Optimal A g e 
23 6.9865 95.8 7.97 51I0 57.5 1.61 + 3 7 . 5 
2h 7.1156 97 .6 8.22 592 58.7 •1 .1*9 +27 
25 7.2081 98.9 8.1*6 61*5 60.0 1.39 .+19 
26 7.2663 99.6 8.69 698 61.1 1 .30 +11 
2 7 7.2955 99.9 8.91 751 62.2 1 . 2 3 +5 28* 7.296U 100.0 9.12 802 6 3 . 2 1.17 n 
29 7.2731 99.7 9 . 3 1 851 6k.2 1.13 -3.5 
30 7 . 2 2 1 7 99.0 898 65.1 1 .00 
•"7 ~ t 
31 7.1371 97.8 9.63 92*3 oo.O 1 .06 -9-h 
32 7.014*0 96.5 9 . 7 7 985 6 6 . 9 1 . 0 3 -12 
33 6.914*2 95.0 9.89 1,023 67.7 1 . 0 1 -13.U 
* Optimal Harvesting Age 
Table 16. Sensitivity of the Paper Company's Wood Growing Cost (When Funds Are Borrowed and Site 
Clearance Is Required) to Variations from the Optimal Harvesting Age for Site Index 60 
at the Optimal Planting Density of 600 Trees per Acre 
Equivalent Percentage 
Paper Company's Harvesting Change in 
Wood Growing Percent of Cost at Harvesting 
Cost Adjusted Minimum Planting Cost Rela­
Harvesting for Harvesting Wood Tree Tree Tree Time tive to 
Age Cost (Dollars ,Growing D.B.H. Weight Height (Dollars Cost at 
(Years) per Cord) Cost (Inches) (Pounds) (Feet) per Cord) Optimal Age 
20 12.21 1 .12 6.95 363 52.9 2.21 +46 
21 11.73 1.075 7.18 kok 54.5 2.02 +34 
22 11 .36 1 .ok 7.U0 kk6 56 1 .85 +22 
23 11.11 1.019 7.62 189 57.5 1 .72 +14 2k 10.96 1 .002 7.83 532 58.7 1.60 +6 
25* 10.91 1 .00 8.03 575 60 1.51 0 26 10.96 1.002 8.21 617 61.1 1 .42 -6 27 11 .11 1 .019 8.38 657 62.2 1 .36 -10 28 11.35 1 .ok 8.53 696 63.2 1.30 ~ -14 29 11 .70 1.075 8.67 732 64.2 1.25 -17 
30 12.17 1 .12 8.79 766 65.1 1.21 -20 
* Optimal Harvesting Age 
Table 17« Sensitivity of the Independent Landowner's Rate of Return (Site Clearance Required) to 
Variations from the Optimal Harvesting Age for Site Index 80 at the Optimal Planting 
Density of 700 Trees per Acre 
Equivalent Percentage 
Harvesting Change in 
Cost at Harvesting 
Planting Cost 
Rate of Percent of Tree Tree Tree Time Relative to 
Harvesting Return Maximum Rate D.B.H. Weight Height (Dollars Cost at 
Age (Years) (Percent) of Return (Inches) (Pounds) (Feet) per Cord) Optimal Age 
13 8.77 81.5 6.69 316 51 2.39 +90 
11. 9-1*9 88.0 6.98 376 51*.1 2.01* +63 
15 10.03 93.lt 7.29 57.1* 1 .77 +1*1,5 
16 10.1*3 97.0 7.60 516 60.5 1.55- +21* 
17 10.68 99.0 7.90 591 63.3 1 .38 +10 
i&* 10.77 100.0 8.19 666 65-9 1 .25 0 
19 10.71 99.5 8.1.5 71*1 68.1* 1 .11* -8.6 
20 10.58 98.2 8.68 813 70.6 1 .06 -15 
21 10.Uo 96.5 8.89 881 72.7 1 .00 -20 
22 10.19 9li.5 9.06 91*5 71*.7 .95 -21* 
23 9-96 92.5 9.21 1,003 76.6 .91 -27 
-* Optimal Harvesting Age 
Table 18. S e n s i t i v i t y of the Paper Company's Wood Growing Cost (When Funds a re Borrowed and S i t e 
Clearance I s Required) t o V a r i a t i o n s from the Optimal Harves t ing Age fo r S i t e Index 80 
a t t he Optimal P lan t ing Dens i ty of 600 Trees per Acre 
Equivalent Percentage 
Paper Company's Harvest ing Change i n 
Wood Growing Percent of Cost a t Harves t ing 
Cost Adjusted Minimum P lan t ing Ccst Re la ­
Harvest ing f o r Harves t ing Wood Tree Tree Tree Time t i v e t o 
Age Cost (Dol la r s Growing D.B.H. Weight Height (Dol lars Cost a t 
(Years) p e r Cord) Cost (Inches] (Pounds) (Feet ) pe r Cord) Optimal Age 
16 5-32 1.27 7.87 556 6 0 . 5 1.1*8 +59 
17 4.81 1 .15 8.21 6I4I 63.3 1.31 +1*1 
18 4.47 1.07 8.54 728 65-9 1 .18 +27 
19 4.29 1.025 8.85 818 68.1* 1.07 +15 
20 4 .19 1.001 9 . 1 4 906 70.6 • 99 +6 
21-* 4 .18 1 .00 9-1*0 992 72.7 • 93 0 
22 4 .24 1 .012 9.63 1,074 71*. 7 .88 - 5 . 5 
23 4.38 1.0l*7 9.82 1,150 76.6 .81* - 9 . 5 
2l* 4.57 1.09 9.9° 1,220 
1,285 
78.3 .81 -13 
25 4.83 1.15 1 0 . 1 1 ; 80.0 • 78 -16 
26 5.15 1 .23 10.2? 1,31*5 81 .76 -18 
•* Optimal Harves t ing Age 
Table 19* Sensitivity of the Independent Landowner's Rate of Return (Site Clearance Required) to 
Optimal Harvesting Ages at Planting Densities Other Than the Optimal Planting Density 
on Site Index 60 
Planting Density 








Rate of Maximum Tree Tree Tree 
Return Rate of D.B.H. Weight Height 









300 31 7.066 97.0 11.ue 1,361 66 .85 
koo 
29 7.22*8 99.1 10.05 1,001 61* 1.03 
5bo* 28 7.296 100.0 9.12 63 1.17 
600 26 7.295 99.9 8.12 617 61 1.1*2 
700 25 7.222 99.0 7.60 511 60 1.6'^ 
800 25 7.137 98.0 7.20 !<59 60 1.79 
900 2l* 6.951 95.il 6.76 381i 58 2.06 
1,000 
2k 
6.769 92.8 6.1.7 31*7 58 2.2li 
-SBf 
Optimal Planting Density 
Tree Characteristics Exceeded Harvester's Capacity 
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T a b l e 2 0 . S e n s i t i v i t y o f t h e P a p e r C o m p a n y ' s W o o d G r o w i n g C o s t ( W h e n F u n d s A r e B o r r o w e d a n d S i t e 
C l e a r a n c e I s R e q u i r e d ) t o O p t i m a l H a r v e s t i n g A g e s a t P l a n t i n g D e n s i t i e s O t h e r T h a n 
t h e O p t i m a l P l a n t i n g D e n s i t y o n S i t e I n d e x 6 0 
P a p e r C o m ­ E q u i v a l e n t 
O p t i m a l p a n y ' s W o o d P e r c e n t H a r v e s t i n g 
H a r v e s t i n g G r o w i n g C o s t o f C o s t a t 
A g e f o r A d j u s t e d f o r M i n i m u m P l a n t i n g 
P l a n t i n g H a r v e s t i n g W o o d T r e e T r e e T r e e T i m e 
P l a n t i n g D e n s i t y D e n s i t y C o s t ( D o l l a r s G r o w i n g D . B . H . W e i g h t H e i g h t ( D o l l a r s 
( T r e e s p e r A c r e ) ( Y e a r s ) p e r C o r d ) C o s t ( I n c h e s ) ( P o u n d s ) ( F e e t ) p e r C o r d 
2 0 0 * * 
3 0 0 3 0 1 2 . 1 8 1 . 1 2 1 1 . 1 5 1 , 2 6 5 6 5 . 2 . 9 0 
1 *00 2 8 1 1 . 2 5 1 . 0 3 9 - 7 8 9 3 2 6 3 - 3 1 . 0 8 
5 o o 2 6 1 0 . 9 5 1 . 0 0 2 8 . 6 9 6 9 9 6 1 . 2 1 . 3 0 
600* 2 5 1 0 . 9 1 1 . 0 0 8 . 0 3 5 7 6 6 0 . 0 1 . 5 1 
7 0 0 21 1 1 . 1 0 1 . 0 1 5 7 - 1 * 5 1 *77 5 8 . 8 1 . 7 0 
8 0 0 2 3 1 1 . 3 5 1 . 0 1 * 6 . 9 8 1 *02 5 7 . 5 1 . 9 9 
9 0 0 2 2 1 1 . 9 1 1 . 0 9 6 . 5 3 3 3 6 5 6 . 1 2 . 3 0 
1 , 0 0 0 2 2 1 2 . 1 * 2 1 .11* 6 . 2 7 3 0 6 5 6 . 1 2 . 1 * 8 
* O p t i m a l P l a n t i n g D e n s i t y 
* # T r e e C h a r a c t e r i s t i c s E x c e e d e d H a r v e s t e r ' s C a p a c i t y 
Table 21. Sensitivity of the Independent Landowner's Rate of Return (Site Clearance Required) to 
Optimal Harvesting Ages at Planting Densities Other Than the Optimal Planting Density 
on Site Index 80 
Planting Density 















Tree Tree Time 
Weight Height (Dollars 
(Pounds) (Feet) per Cord) 
200** 
300** 
hoo 21 10.08 93.5 
96.5 
10.62 1,281 72 .80 
500 19 10.38 9.28 905 68 1 .01 
600 18 10.62 99.0 8.514 728 66 1 .17 
700* 18 10.77 100.0 8.19 666 66 1.25 
800 18 10.71 99.7 7.79 598 66 1.35 
900 17 10.66 99.0 7.27 U 9 1 63 1.58 
1,000 17 10.55 98.0 7.99 h50 63 1.69 
* Optimal Planting Density 
** Tree Characteristics E x c e e d e d H a r v e s t e r ' s C a p a c i t y 
.he Optimal Planting Density on Site Index 8 0 ~ e _ _ c ut..eA .w*n 
Planting Density 







2 0 0 * * 
3 0 0 * * 
4OO** 
5 o o 2 2 
6 0 0 * 2 1 
7 0 0 2 0 
8 0 0 1 9 
9 0 0 1 9 
1 , 0 0 0 1 8 
Paper Com­






4 . 2 1 
U. 2 5 
k.SU 
4 . 7 7 













1 0 . 2 6 
9 . 4 0 
8 . 6 ? 
8 . 0 0 
7 . 6 4 


















992 7 3 • 9 3 
e n 7 1 1 . 0 6 
6 5 ? 6 8 1 . 2 5 
5 ? 5 6 8 
1 . 3 5 
4 ? 6 6 6 1 . 5 6 
Optimal Planting Density 
Tree Characteristics Exceeded Harvester's Capacity 
171* 
can vary a t l e a s t + 100 trees per acre and maintain the rate of return 
and wood growing cost within 2 percent of the optimal values. The rate 
of return and wood growing cost change at an increasing rate as the 
planting densit ies vary from the optimal values. Since the planting 
density i s readi ly controlled, i t i s recommended that the planting den­
s i t i e s be a t the optimal values. This i s desirable because a combination 
of deviations from optimal planting density and harvesting age can lead 
to s ignif icant changes from optimal values of the rate of return and the 
wood growing cos t . The maximum variance in harvesting age (without 
s ignif icant reduction in management objectives) i s desirable so as to 
allow maximum response to demand and harvesting schedules. 
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CHAPTER XII 
CONCLUSIONS AND RECOMMENDATIONS 
Conclusions 
Conclusions derived from the economic evaluation of fores t 
planning and management a l te rna t ives , in conjunction with the proposed 
harvester design and management object ives of the independent landowner 
and the paper company, are summarized as fol lows: 
(1) There are forest planning and management a l ternat ives re la ted 
to the proposed harvester design that provide a maximum rate of return on 
the fores t investments and growing cost for the independent landowner and 
minimum wood growing cost for the paper company. 
(2) The recommended forest planning and management a l te rna t ives 
that provide the maximum rate of return for the independent landowner 
(when s i t e clearance i s required) are i n i t i a l planting densi t ies (trees 
per acre) of: kOO harvested at 36 years for s i t e index 50, 500 harvested 
at 28 years for s i t e index 60, 600 harvested at 22 years for s i t e index 
70, and 700 harvested at 18 years for s i t e index 80. 
(3) The recommended fores t planning and management a l ternat ives 
that provide the maximum rate of return for the independent landowner 
(when s i t e clearance i s not required) are i n i t i a l planting densit ies 
(trees per acre) of : 500 harvested at 32 years for s i t e index 50, 600 
harvested a t 25 years for s i t e index 60, 700 harvested at 21 years for 
s i t e index 70, and 700 harvested at 18 years for s i t e index 80. 
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(k) T h e r e c o m m e n d e d f o r e s t p l a n n i n g a n d m a n a g e m e n t a l t e r n a t i v e s 
t h a t p r o v i d e t h e m i n i m u m w o o d g r o w i n g c o s t ( s i t e c l e a r a n c e r e q u i r e d ) f o r 
t h e p a p e r c o m p a n y ( u t i l i z i n g i n d u s t r i a l f u n d s f o r w o o d g r o w i n g c o s t ) a r e 
i n i t i a l p l a n t i n g d e n s i t i e s ( t r e e s p e r a c r e ) o f : 800 h a r v e s t e d a t 1 9 
y e a r s f o r s i t e i n d e x 70, a n d 700 h a r v e s t e d a t 18 y e a r s f o r s i t e i n d e x 80. 
(5) T h e r e c o m m e n d e d f o r e s t p l a n n i n g a n d m a n a g e m e n t a l t e r n a t i v e s 
t h a t p r o v i d e t h e m i n i m u m w o o d g r o w i n g c o s t ( s i t e c l e a r a n c e n o t r e q u i r e d ) 
f o r t h e p a p e r c o m p a n y ( u t i l i z i n g i n d u s t r i a l f u n d s f o r w o o d g r o w i n g c o s t ) 
a r e i n i t i a l p l a n t i n g d e n s i t i e s ( t r e e s p e r a c r e ) o f : 700 h a r v e s t e d a t 20 
y e a r s f o r s i t e i n d e x 70, a n d 700 h a r v e s t e d a t 18 y e a r s f o r s i t e i n d e x 80. 
(6) "When t h e p a p e r c o m p a n y u t i l i z e s i n d u s t r i a l f u n d s ( w i t h n o r m a l 
e x p e c t e d a n n u a l p r o f i t o f 9 p e r c e n t a f t e r i n c o m e t a x ) f o r w o o d g r o w i n g 
c o s t , t h e p a p e r c o m p a n y s h o u l d n o t i n v e s t i n f o r e s t l a n d w i t h a s i t e i n ­
d e x l e s s t h a n 70 ( t h e p a p e r c o m p a n y ' s w o o d g r o w i n g c o s t o n l o w e r s i t e 
i n d i c e s i s m o r e t h a n t h e c u r r e n t s t u m p a g e p r i c e a t w h i c h w o o d c a n b e 
p u r c h a s e d f r o m t h e i n d e p e n d e n t l a n d o w n e r ) . 
(7) T h e r e c o m m e n d e d f o r e s t p l a n n i n g a n d m a n a g e m e n t a l t e r n a t i v e s 
t h a t p r o v i d e t h e m i n i m u m w o o d g r o w i n g c o s t ( s i t e c l e a r a n c e r e q u i r e d ) f o r 
t h e p a p e r c o m p a n y ( w h e n w o o d g r o w i n g c o s t i s b o r r o w e d a t 6 p e r c e n t 
i n t e r e s t ) a r e i n i t i a l p l a n t i n g d e n s i t i e s ( t r e e s p e r a c r e ) o f : 600 h a r ­
v e s t e d a t 25 y e a r s f o r s i t e i n d e x 60, 600 h a r v e s t e d a t 22 y e a r s f o r s i t e 
i n d e x 70, a n d 600 h a r v e s t e d a t 21 y e a r s f o r s i t e i n d e x 80. 
(8) " W h e n t h e p a p e r c o m p a n y b o r r o w s f u n d s ( a t 6 p e r c e n t a n n u a l i n ­
t e r e s t ) f o r w o o d g r o w i n g c o s t , t h e p a p e r c o m p a n y s h o u l d n o t i n v e s t i n 
f o r e s t l a n d w i t h a s i t e i n d e x l e s s t h a n 60 ( t h e p a p e r c o m p a n y ' s w o o d g r o w ­
i n g c o s t o n l o w e r s i t e i n d i c e s i s m o r e t h a n t h e c u r r e n t s t u m p a g e p r i c e 
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a t w h i c h w o o d c a n b e p u r c h a s e d f r o m t h e i n d e p e n d e n t l a n d o w n e r ) . 
(9) T h e m a x i m u m t r e e c h a r a c t e r i s t i c s ( r e l a t e d t o t h e r e c o m m e n d e d 
o p t i m a l f o r e s t p l a n n i n g a n d m a n a g e m e n t a l t e r n a t i v e s ) f o r w h i c h t h e h a r ­
v e s t e r d e s i g n s h o u l d b e s p e c i a l i z e d a n d r e f i n e d a r e : 9*73 i n c h D . B . H . , 
993 p o u n d s t r e e w e i g h t , a n d 73 f o o t t r e e h e i g h t . 
(10) N e g l i g i b l e t r e e v o l u m e i s l o s t i f t h e h a r v e s t e r o n l y h a r v e s t s 
5>0 f e e t o f t h e t r e e ( t h e m a x i m u m t r e e h e i g h t a t o p t i m a l f o r e s t p l a n n i n g 
a n d m a n a g e m e n t a l t e r n a t i v e s i s 73 f e e t w h i c h h a s a n a s s o c i a t e d v o l u m e 
l o s s o f 2.25 p e r c e n t ) . 
(11) T h e r a t e o f r e t u r n f o r t h e i n d e p e n d e n t l a n d o w n e r a n d t h e w o o d 
g r o w i n g c o s t f o r t h e p a p e r c o m p a n y a r e s i g n i f i c a n t l y a f f e c t e d b y t h e l a n d 
s i t e i n d e x . 
(12) A t t h e o p t i m a l f o r e s t p l a n n i n g a n d m a n a g e m e n t a l t e r n a t i v e s , 
t h e i n d e p e n d e n t l a n d o w n e r ' s r a t e o f r e t u r n i s m a r g i n a l f o r s i t e i n d e x 56 
(5«71 t o 6.13 p e r c e n t ) a n d v e r y g o o d f o r s i t e i n d e x 80 (10.78 t o 11.5 
p e r c e n t ) . 
(13) A t t h e o p t i m a l f o r e s t p l a n n i n g a n d m a n a g e m e n t a l t e r n a t i v e s , 
t h e p a p e r c o m p a n y ' s w o o d g r o w i n g c o s t i s u n a c c e p t a b l e f o r s i t e i n d e x 1*0 
(1*2.68 t o 80.51 d o l l a r s p e r c o r d a t h a r v e s t i n g t i m e ) a n d v e r y g o o d f o r 
s i t e i n d e x 80 (8.11* t o 8.60 d o l l a r s p e r c o r d a t h a r v e s t i n g t i m e ) . 
(11*) A t t h e r e c o m m e n d e d o p t i m a l f o r e s t p l a n n i n g a n d m a n a g e m e n t 
a l t e r n a t i v e s , t h e r e q u i r e m e n t o f s i t e c l e a r a n c e c o s t s i g n i f i c a n t l y r e d u c e s 
t h e i n d e p e n d e n t l a n d o w n e r ' s r a t e o f r e t u r n ( a p p r o x i m a t e l y 7 p e r c e n t ) a n d 
i n c r e a s e s t h e p a p e r c o m p a n y ' s w o o d g r o w i n g c o s t ( a p p r o x i m a t e l y 12 p e r c e n t ) . 
(15) T h e p r o p o s e d h a r v e s t e r ' d e s i g n , i n c o n j u n c t i o n w i t h t h e r e ­
c o m m e n d e d o p t i m a l f o r e s t p l a n n i n g a n d m a n a g e m e n t a l t e r n a t i v e s , 
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s i g n i f i c a n t l y reduces t h e wood h a r v e s t i n g cos t from the c u r r e n t 
h a r v e s t i n g cos t ( .93 t o 1.50 d o l l a r s pe r cord as compared t o 5.70 
d o l l a r s p e r cord fo r t h e Buschcombine (20 ) ) . 
(16) The proposed h a r v e s t e r des ign , i n conjunct ion wi th recommended 
opt imal f o r e s t p lanning and management a l t e r n a t i v e s , should p r o v i d e ade­
qua t e h a r v e s t i n g capac i ty s i nce t h e a s s o c i a t e d man-machine p roduc t ion 
r a t e (17.5 t o 32.2 cords p e r hour) i s approximately t e n f o l d g r e a t e r 
than cu r r en t p roduc t ion r a t e s . 
(17) In view of t h e r e s u l t i n g h a r v e s t i n g cos t pe rcen tage (12.9 t o 
16.7 p e r c e n t ) of combined stumpage p r i c e ( ad jus ted f o r h a r v e s t i n g c o s t ) 
and h a r v e s t i n g cos t allowance ( fo r t h e independent landowner) as w e l l a s 
t h e r e s u l t i n g h a r v e s t i n g cos t pe rcen t age (19«1 t o 2h»8 p e r c e n t ) of 
combined wood growing cos t ( ad jus ted fo r h a r v e s t i n g cos t ) and h a r v e s t i n g 
cost a l lowance ( fo r t h e paper company), an a d d i t i o n a l i t e r a t i o n of 
h a r v e s t e r des ign re f inement , i n conjunct ion wi th f o r e s t p l ann ing and 
management p o l i c y , i s recommended bu t t h e p o i n t of d imin ish ing r e t u r n s 
i s soon t o be reached wi th m u l t i p l e i t e r a t i o n s . . 
(18) Harves t ing age can vary + 1 . $ y e a r s from t h e recommended 
op t imal h a r v e s t i n g ages , so a s t o respond t o h a r v e s t i n g schedules and 
demands, whi le r e s u l t i n g i n l e s s than a 2 pe rcen t change i n t h e r a t e of 
r e t u r n and the wood growing c o s t . 
(19) The opt imal p l a n t i n g d e n s i t i e s should be c l o s e l y adhered t o 
so a s t o a l low maximum v a r i a n c e i n t h e h a r v e s t i n g age for response t o 
h a r v e s t i n g schedules and demands wi thou t causing s i g n i f i c a n t r e d u c t i o n s 
i n t h e r a t e of r e t u r n and t h e wood growing c o s t . 
(20) The recommended f o r e s t p lann ing and management a l t e r n a t i v e s 
1 7 9 
that optimize the landowner's rate of return and the paper company's wood 
growing cost do not greatly reduce the forest yield from maximum yields 
(minimum of 9h percent of maximum land yield at all recommended 
alternatives). 
The economical evaluation of forest planning and management alter­
natives, in conjunction with the proposed harvester design and management 
objectives, lead to the following general conclusions: 
(1) Future pulpwood harvesting machine designs and future forest 
planning and management policies should be developed and refined in 
conjunction with each other and the management objectives. 
(2) Current pulpwood harvesting equipment can be significantly 
improved through automation and efficient sequencing of operations. 
(3) Computer simulation is a valuable tool in evaluating forest 
planning and management alternatives in conjunction with harvester 
designs and management objectives. 
(ll) The paper company can benefit by assisting the independent 
landowners in planning, managing, and harvesting his forest in order to 
help insure the landowner an adequate return on his investment. 
(5) The independent landowner can benefit by cooperating with 
the paper company in planning, managing and harvesting his forest. 
Recommendations 
The following recommendations are offered relative to this work: 
( 1) The proposed harvester design should be redesigned for 
maximum tree characteristics of: 10 inch D.B.H., 1,000 pounds weight, 
and 65 foot height. 
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( 2 ) When the economic model i s rerun in l a t e r years , a l l cost 
values must be upgraded to the current planting time for which the model 
i s being run and for l oca l m i l l conditions at that time. 
(3) The tree growth regression equations developed by Bennett, 
McGee, and Clutter (16) should be revised to account for t ree growth to 
35 years to allow for growth suppression. 
(k) A forest growth model should be developed for improved future 
tree species so that the harvester design and forest planning and 
s c i e n t i f i c management a l ternat ives can be evaluated and refined for 
future tree species . 
(5) Future harvesting machines and forest planning and management 
po l i c i e s should be developed in conjunction with each other and with 
management object ives . 
(6) There should be a high l e v e l of cooperation between the 
paper companies and the independent landowners in planning, planting, 
managing, and harvesting the fo res t s . 
( 7 ) Due to the undesirable ra te of return and wood growing cost 
associated with low s i t e indices (which comprises a large percentage 
of avai lable fores t land), research should be conducted to determine 
economical means of upgrading land with low s i t e indices . 
A P P E N D I X I 
H A R V E S T E R O P E R A T I N G C O S T C O M P U T A T I O N S 
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Harves te r Cost 
Unit T o t a l 
Component Cost Quant i ty Cost 
1. C a t e r p i l l a r , 9hh Axle and 
F i n a l Drive Assembly $ 6 , 2 5 0 $ 1 8 , 7 5 0 
2. Vicke r s , 50K300, Vane Motor 7 0 0 3 2,100 
5 , 7 0 0 3 . T i r e s , 1 7 - 5 X 2 5 
C a t e r p i l l a r , D33h, D i e s e l 
9 5 0 6 
h. 
Engine 6 , 5 0 0 2 13,000 
5 . 
6. 
Hydraul ic Pumps 5 0 0 6 3,000 
Shear, F e l l i n g 3 ,000 1 3,000 
7. Shear, Bucking 3,000 3 9,000 CO
 Hydraul ic Cy l inde r s , L i n e s , 
and Controls 12,000 1^ 7 » Frame 12,000 
10. Miscel laneous Equipment and 
Assembly 1 1 , 1 5 0 
11. T o t a l Equipment and Assembly Cost $90,000 
12. P r o f i t 9,000 
1 3 . T o t a l Est imated Cost $ 9 9 , 0 0 0 
The t o t a l e s t ima ted h a r v e s t e r cos t of 99,000 d o l l a r s i s based 
on cos t s as l i s t e d below: 
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H a r v e s t e r O p e r a t i n g C o s t 
T h e h a r v e s t e r o p e r a t i n g c o s t o f 3 0 d o l l a r s p e r h o u r i s c o m p u t e d 
a s b e l o w t 
1 . T o t a l E q u i p m e n t C o s t $ 9 9 , 0 0 0 . 0 0 
2 . T o t a l T i r e C o s t 5 . 7 0 0 . 0 0 
3 - E q u i p m e n t C o s t , L e s s T i r e s 
D e p r e c i a t i o n ( E x c l u d i n g T i r e C o s t ) B a s e d o n 
$ 9 3 , 3 0 0 . 0 0 
l i . 
1 0 , 0 0 0 H o u r s $ 9 - 3 3 
5. I n t e r e s t , I n s u r a n c e , a n d T a x e s B a s e d o n 30 p e r 
T h o u s a n d D o l l a r s o f T o t a l E q u i p m e n t C o s t 2 . 9 7 
6 . T o t a l O w n i n g C o s t ( p e r O p e r a t i n g H o u r ) 1 2 . 3 0 
7 . H o u r l y F u e l C o s t a t 1 7 . 6 G a l l o n p e r H o u r 2 . 6 1 ; 
8 . H o u r l y H y d r a u l i c O i l C o s t . 1 1 
9 - H o u r l y L u b r i c a t i o n C o s t . 1 * 0 
1 0 . H o u r l y R e p a i r C o s t B a s e d o n 9 0 P e r c e n t o f 
8 . 1 * 0 D e p r e c i a t i o n 
1 1 . H o u r l y T i r e C o s t B a s e d o n li,500 H o u r s T i r e L i f e 1 . 2 7 
1 2 . T o t a l D i r e c t O p e r a t i n g C o s t p e r H o u r 1 2 . 8 2 
1 3 . O p e r a t o r H o u r l y W a g e s a n d R e l a t e d E x p e n s e s 4 .88 
T o t a l H a r v e s t e r O p e r a t i n g C o s t ( p e r H o u r ) 30.00 
APPENDIX II 
HARVESTER SIMULATION MODEL COMPUTER PROGRAM AND SAMPLE PRINTOUT 
L C C N A M E X Y 2 SEL NBA NBB MEAN MOD REMARKS 
JOB 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ft* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * HARVESTER SIMULATION MODEL * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *' * •* * * * * * * * * * * PROGRAM VARIABLE S E C T I Q N 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * I VARIABLE FN2*FN<2/K100 
* * VI I S USED TO COMPUTE STANDARD TREE HEIGTH AS A F U N C T I C N CF CBH ANC 
* * * * A VARIANCE AROUND JHAT HEIGHT 
c VARIABLE K 1 6 0 - X U 
*.Mc I S USED TO COMPUTE SHEAR SLUE DISTANCE PFC,ULLAR TO THIN CUT 
3 VARIABLE X 9 - X 1 0 + F N 9 
* * V3 I S USED TO COMPUTE RACK-LF DISTANCE IN F E L L I N G OPFPATICN 
^ VARIABLE X 9 - X 1 0 - K 1 7 0 
* * V«4 I S USED TO COMPUTE F I R 5 T ADVANCE DISTANCE IN FELLJNG CFFRATICN 
b VARIABLE X 1 1 - X 5 + K 1 6 0 
* * V5 I S USED TO COMPUTE SLUE DISTANCE TO TRFE FOR SHEAF IN FELLING 
* * * * OPERATION 
fc VARIABLE K 1 6 0 - X 1 1 
* * V T I S USED TO COMPUTE S H E DISTANCE TC TREE F^R GRFLPPLF IN FELLING 
* * * * OPERATION 
7 VARIABLE P 2 - X 5 0 + K 1 1 
* * V7 I S USED TO HELP DETERMINE J F THERE I S A N FT-D TO CHAKGF POSITION 
* * * * OF BACKER REAR SHEAR 
t VARIABLE X 1 0 2 + X 1 0 4 - X 1 0 1 - X 1 0 3 
* * VD COMPUTES ACTUAL OPERATING TIME OF CFERATRP 
<3 VARIABLE X 1 0 2 - X 1 0 2 
* * VC COMPUTES TIME C F E R M C P M T T S CN SHEAR A V ^ L L A E L L I T Y 
10 VARIABLE G 1 + Q H + G 1 2 
*» VLO I S USED IN CONTROLLING THE RATE TH A T TRFE TRANSACTIONS ARE 
* * * * GENERATED 
I I VARIABLE X 1 0 4 - X 1 0 1 
* * V H COMPUTES TIME TREE I S IN CONTROL OF CPEPA/ICR 
1 2 VARIABLE X LL 3 + XL 1 6 + X 1 2 0 + X 1 2 3 - X 1 L2~XL 1*»-X 1 1 7 - Y 1 2 2 
* * V I 2 COMPUTES ACTUAL O F E R A T ^ G TIME CF SHEAR 
1 3 VARIABLE X L L 2 + X L M + X L L 7 + X 1 2 2 - X L L L - X 1 1 7 - X L L 6 - Y L 2 0 
* * V I 3 COMPUTES TIME SHEAR WAITS CN A V A I L A B I L I T Y CF OP^RATCR ANC GRAPPLE 
1 4 VARIABLE XL0-K**2 
* * V I 4 I S USED TO COMPUTE Y LOCATION WHERE TOPS OF TRG^S GREATER THAN 
* * * * G O F T . ARE DROPPED 
1 5 VARIABLE X 1 Q - K 2 5 
* * V I 5 I S USED TO COMPUTE Y LOCATION WHERE T C P C CF TRP^S 6 5 TC PG F T . 
* * * * ARE DPCPPED 
1 6 VARIABLE X 1 2 3 - X 1 I 1 
* * V I 6 COMPUTES TIME TREE I S IN CONTROL CF SHEAR 
1 7 VARIABLE X 1 3 3 + X L 3 6 + X I 4 N + X H T 3 - X L 3 2 - X L 3 U - X 1 3 7 - X I 4 2 
* * V i 7 COMPUTES 
1 8 VARIABLE 
* * V I E COMPUTES 
* * * * DELIMBER 
1 9 VARIABLE 
* * V I 9 COMPETES 
20 VARIABLE 
* * V^O COMPUTES 
2 1 VARIABLE 
* * V 2 1 COMPUTES 
* * * * BUCKER 
2 2 VARIABLE 
* * V22 COMPUTES 
2 3 VARIABLE 
* * V*3 COMPUTES 
24 VARIABLE 
* * V24 COMPUTES 
* * * * CONVEYER 
2 5 VARIABLE 
** V ^ 5 COMPUTES 
26 VARIABLE 
* * V26 COMPUTES 
* * * * * * * * 
1 FUNCTION 
• 0 50 . 2 0 
* * F M I S USED 
2 FUNCTION 
50 4 0 5 5 
* * F i \ 2 I S USEO 
3 FUNCTION 
• IT 6 0 . 2 0 
* * FN3 I S USEO 
4 FUNCTION 
• fa 65 1 
* * FN4 I S USED 
* * * * 6 0 0 TREES 
5 FUNCTION 
• u 7 0 . 2 0 
* * FK5 I S USED 
t FUNCTION 
2 10 3 
17 10 18 
3t i 10 39 
47 3 50 
56 5 6 3 
7 1 3 76 
fia 3 89 
120 10 1 2 1 
* * FN6 I S USED 
* * * * DEFECTIVE 
* * * * SURVIVAL 
7 FUNCTION 
• CJ 26 . 2 0 
ACTUAL OFER'ATING TIME CF GRAPPl E 
X 1 3 2 + X l 3 4 + X l 3 7 + X l 4 2 - X 1 3 l - X l 3 ? - X 1 3 6 - x i 4 0 
TIME GRAFPLF WAITS CN A V A I L A B I L I T Y CF SHEAR ANC 
X 1 4 3 - X 1 3 1 
TIME TREE ic IN CONTROL CF GRAPPLE 
X153 + X 1 5 6 - X 1 5 2 - X 1 5 1 * 
ACTUAL OPERATING TIME CF CELIMPER 
X 1 5 2 + X 1 5 4 - X 1 5 1 - X 1 5 3 
TIME DFLIMBFR WAITS ON A V A I L A B I L I T Y Cf GRAPPLE AND 
X 1 5 6 - X 1 5 1 
TIME TREE I ? IN CONTROL CF DELTMBER 
X 1 6 2 + X 1 6 M + X 1 6 7 - X 1 6 1 - X 1 6 2 - X 1 6 6 
ACTUAL OPERATING TIME CF EUCKEP 
X 1 6 3 + X 1 6 6 - X 1 6 2 - X 1 6 M 
TIME BUCKER WAITS CN A V A I L A B I L I T Y CF CEL lMpER ANC 
X 1 6 7 - X 1 6 1 
T IME TREE I S I N CCNTROL OF BLCKEH 
X 1 7 2 - X 1 7 1 
TIME TREE I S IN CONTROL OF CONVEYER 
* * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * 
PROGRAM FUNCTION SECTION 
* * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * 
RN1 C5 
58 . 5 0 tn . 8 0 62 1 
TO ASSIGN A HBH TC TREE TRANSACTIONS 
P I C5 
1*8 60 5'* 6 5 59 70 
TO DETERMINE THE STANDARD HEIGTH AS A 
R N l C5 
9 5 . 5 0 i O O . 8 0 105 1 
TO DETERMINE THE DEVIATION FROM THE S j A K D A R p HEIGTH 
R N l L>2 
86 
TO ASSIGN A V 
PER ACRE 
R N l C5 
78 . 5 0 
TO ASSIGN A X 
70 
6 3 
FUNCTION CF CbH 
120 
LOCATION TC THE T P E t TRANSACTION FOR 
80 . 8 0 82 1 90 

































14 i n 16 
34 10 35 
42 46 10 
54 F5 10 
06 •- 70 10 
ti5 3 86 10 
96 10 9 7 3 
TO ASSIGN TRFE TRANSACTIONS A GPA^E ( F A T A L I T Y = 3 , 
T R E E = 5 , AND HARVESTABLE T R E E Z I P ) FOR 75 PFpCENT 
(HARVESTABLE TRE^S) 
R N l C5 
29 . 5 0 30 . 8 0 3 1 1 34 
* * F N 7 HELPS ASSIGN TERRAIN C L A S S I F I C A T I O N TO T RfcE TRANSACTIONS 
fa FUNCTION P 8 t g 
1 5 1 2 5 2 2 5 2 **5 4 bO 5 
* * F N 8 I S USED TO ASSIGN TERRAIN C L A S S I F I C A T I O N TO TR^E TRANSACTIONS 
y FUNCTION X 5 Cl7 
n 28 10 20 20 15 30 10 HO 6 50 
3 bU 1 70 0 ao 
0 0 100 1 
no 120 
6 130 10 1*40 15 150 20 16 0 28 
* * F N 9 I S USED T O C O M P U T E A Y CORRECTION A S A F U N C T I O N O F y F O P 
* * * * DETERMINING B A C K - U P A N D A D V A N C E D ISTANCES ' 
1 0 FUNCTION X 8 C 2 
b 1 4 6 1 2 1 4 0 
* * F N 1 0 I S A ROUTING CONTROL A S A FUNCTION O F T'Ht T Y P f C U T ( T H I N OR 
* * * * CLEAR) 
1 1 FUNCTION X 1 5 C3 
0 8 0 8 0 0 1 6 0 8 0 
* * F M 1 I S USED TO CONVERT T R E E LOCATION T O S H F A R S L L E D ISTANCE 
1 2 F U N C T I O N P 7 C 2 
0 0 1 6 0 8 0 
* * F M 2 I S USED TO DETER^INF S L U E T IME F C R S H E A R 
1 3 F U N C T I O N P 6 C 3 
l u O 7 0 1 7 0 0 3 0 0 0 0 0 
* * F M 3 I S USED T C D E T E R ^ I N F BACKfUF DISTANCE 
1 M FUNCTION P 5 C 2 
n 0 200 100 
* * F M K I S U S E D T C D E T E R M I N E B A C K - U F T I M E 
1 5 F U N C T I O N P 4 C 2 
0 Q 5 0 0 2 5 0 
* * F M 5 I S USED T O D E T E R M N F F I R S T A D V A N C E T l M F 
1 6 F U N C T I O N P 8 D 2 
fa 9 5 1 2 9 2 
* * F M 6 I S A R O U T I N G C O N T R O L A S A F U N C T I O N O F T H E T Y P E C U T ( T H I N C R 
* * * * CLEAR) 
1 7 FUNCTION X I C4 
0 2 0 Mo 2 0 9o 4 5 1 2 0 7 0 
* * F M 7 I S USED T O DETERMINE SHEARING T I ^ E PGR DEFECT j y / E TREES 
1 8 F U N C T I O N P 6 i>2 
fa 8 5 1 2 7 7 
* * Fis 1 8 I S A ROUTING C O N T R O L F O R S P L I T T I N G B L O C K S A S A FUNCTION C F T H E 
* * * * G R A D E O F TREE ( D E F E C T I V E OR H A R V E S T A B L E ) 
1 9 FUNCTION P 6 C 2 
fa 9 1 1 2 8 9 
* * F I N 1 9 I S A ROUTING CONTROL F O R THE O P E R A T O R A S A F L K C T I C N C F T H E 
* * * * GRADE C F TREE ( D E F E C T I V E OR H A R V E S J A B L E ) 
2 0 FUNCTION X 6 C 2 
fa 3 8 1 2 3 9 
* * F N 2 0 I S A ROUTING C O N T R O L FOR T H E S H E A R T E R R A I N S ^ T A S A FUNCTION 
* * * * O F THE G R A D E OF TREE ( D E F E C T I V E C R HARVESTABLE) 
2 2 FUNCTION X 6 C 2 
fa 1 7 4 1 2 2 0 0 
* * F i \ 2 2 I S A ROUTING C O N T R O L FOR THE SHEAR A S A F L N C T j c N C F THF 
* * * * GRADE C F TREE ( D E F E C T I V E OR HARVESTABLE) 
2 3 FUNCTION X I C4 
0 1 2 4 0 1 2 9 0 3 1 1 3 0 *»6 
* * F N 2 3 I S U S E D T O COMPUTE P H A S F 1 S H E A R T l ^ E 
2 4 FUNCTION X I C4 
0 8 4 0 8 9Q 1 4 1 2 0 2 4 
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** FN24 IS USED TC COMPUTE P H A S C 2 SHEAR TIME 
25 FUNCTION X5 Cj fau 169 110 196 160 169 ** FN25 IS A ROUTING CONTROL FOR DELAYING SHEAR IF NEyT TRE  I S I N A 
* * * » Z O N E THAT WIL  CAtSE INTERFERENCE WITH GRAPPLE A S MACHINE ADVANCES ***» THE SHEAR 
26 FUNCTION X2l C2 
0 10 1 6 0 4 
* * FN26 IS USED TC CCMpUjE GRAPPLE CLOSING TlMF I P A R J I A L ) 
27 FUNCTION P5 C2 
0 0 80 40 
* * FN27 IS USED TO COMpUTE S H J E TIME FOR E.VPTY G H A P P L E 
28 FUNCTION X2l Cn 0 20 90 15 120 10 1 6 0 5 
* * FN28 IS USED TO COMPUTE GRAPPLE CLOSING T I M F ON TRE  
2 9 FUNCTION X27 C5 
1 10 2 9 3 8 4 7 5 6 
* * FN29 IS USED TC CMpUTE FIN IAL ROTATION TlMF OF GRAPPLE AS A 
* * * * FUNCTION OF T E R R A I . N 
30 FUNCTION X27 D5 
1 4 2 3 3 2 4 1 5 0 
* * F[\30 IS USED TC CMpUTE TIME TC ROTATE TRE  A,ND GRAPPLE TC SLUE 
* * * * POSITION AS A FUNCTION Op TERRAIN 
2 1 F U N C T I O N P5 C2 n o 80 40 
* * F N 3 1 IS USED TC CCMpUjE CLUE TIME CF G R A P P L F WITH TRE  
22 FUNCTION X42 03 
6 5 0 80 10 115 0 
* * FN32 IS USED IN ESTABLISHING CONTROL FOR BUCKtR SHEAR ANC ROUTING 3 3 FUNCTION X5l D3 8 10 1 4 0 22 1 0 
* * FN33 IS USED TO ASSIGN CONTROL FCR P U C K E R SHEAR A N C ROUTING 
i4 FUNCTION F3 L2 
5 356 15 359 
* * F N 3 4 ROUTES TRANSACTIONS FRCV BLOCK 4 0 9 TO PLOCK 3 5 6 TO SIMULATE 
»*** RETURN OF BUCKER F L I P IF THERE I S NC CHANGE IN BUCKFP REGUIRED CR 
* * * * TO BLOCK 3 5 9 TC SIMULATE RETURN AND POSITIONING CF PUCKER F L I P 
* * * * IF THERE IS A CHANGE R E G L I P E D IN BUcKER SETTING TC FPCCFS  THIS **** TRE  
cb FUNCTION P2 D2 
5 358 15 357 
*» F | \ 3 5 ROUTES TRANSACTIONS FRcM BLCCK 35fc TC PLUCK 3 * 7 TC RETURN BUCKER 
»*** RECEIVING F L I P I F THE TREES CURRENTLY BETNG P R G C E S S F C APE es TO **** 80 FT LONG OR TO BLOCK 35B TO RETURN BUCKEk DISCHARGING FLIP IF **** TRES THAT ARE BEING CURRENTLY PROCESSED AHE NOT 65 TC fip FT LONG 
36 FUNCTION P2 C2 
5 362 15 360 
* » FN36 ROUTES TRANSACTIONS FROV BLCCK 359 TC PLOCK 3eo Tc RETURN BUCKER 
* * * * DISCHARGING FLIP AND ROTATE DISCHARGE FLTP ASSEMBLY DOWN I F TRE  **** IS 65 To 80 FT. OR TC BLOCK 3 6 2 TC ROTATF A DISCHARGING FLIP 
* * * * ASSEMBLY UP IF THE CURRENT TRE  IS NOT 6e TC 80 FT. LCNG J7 FUNCTION F3 C2 
5 365 15 363 ** FN37 ROUTES TRANSACTIONS FROW ELCCK 4lc TC PLUCK 3 f K TC WAIT AT **** BLOCK 363 IF THERE IS A CHANGE NEDED IN REAR SHEAR F C S I T I C N FCR 
* * * * CURRENT TRE  
i8 FUNCTION X 4 1 C5 
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0 1 0 6 0 20 1 0 0 4 0 1 4 0 70 160 100 
* * F N 3 8 C O M P U T E S B U C K E R S H E A R I N G T I K E 
3 9 F U N C T I O N P 2 & 2 
5 379 1 5 381 
* * F N 3 9 R O U T E S T R A N S A C T I O N S F R O " B L C C K 4ll T O P L O C K 379 I F C U R R E N T 
* * * * B U C K E R T R E E I S N O T 6 5 T O S O F T . L O N G T O S I M U L A T E F L I p F I N G R E A R 
* * * * B O L T S C U T OF B U C K E R T O C O N V E Y E R C R T O B L C C K 381 I F C U R R E N T B U C K E R 
* * * * T R E E I S 65 T C 8 0 F T . L O N G T C S I M U L A T E U P P E R B C L T A N N T C P B E I N G 
* * * * F L I P P E D O U T O F B U C K E R T O T H E G R O U N D 
4 0 F U N C T I O N X 1 6 C 3 
0 8 0 8 0 0 1 6 0 8 0 
* * F N 4 0 C O N F U T E S G R A P P L E S L U E D I S T A N C E T O T R E E 
4 1 F U N C T I O N P 2 C 2 
6 5 5 7 4 1 1 5 5 7 5 
* * F N 4 1 R O U T E S T R A N S A C T I O N S F R O M B L C C K 5 7 * T C P L O C K 574 T C T E R M I N A T E 
* * * * I F L E N G T H L E S S T H A N 6 5 F T . C R T O B L C C K 575 O T H E R W I S E 
4 2 F U N C T I O N X 6 L C 2 
0 0 2 0 0 1 0 0 
4 3 F U N C T I O N X 6 2 C 2 
0 0 3 0 0 0 0 7 0 0 0 
4 4 F U N C T I O N X 4 2 & 2 
8 A 3 7 3 1 1 5 4 0 7 
* * F N 4 4 R O U T E S T R A N S A C T I O N S F R O M B L C C K < + 0 6 T O B L O C K 4 0 7 I F T R E E I S 
* * * * L O N G E R T H A N 8 0 F T » T C R E C O R D T H E X A N D Y P O S I T I C N O F T H E T C F S A S 
* * * * T H E Y A R E D R O P P E D T C T H E G R O U N D F R C M T H E P U C K E R C R T C P L O C K 3 7 3 I F 
* * * * T R E E I S L E S S T H A N 8 0 F T , L O N G T C A V C L D B L O C K 4 0 7 
4 5 F U N C T I O N X 4 2 & 3 
6 5 3 8 2 8 0 3 8 5 U 5 3 8 2 
* * F N 4 5 R O U T E S T R A N S A C T I O N S F R O M B L C C K 3 8 4 T O P L O C K 3a5 I F C U R R E N T 
* * * * B U C K E R T R E E I S 6 5 T 0 8 0 F T . T C R E C O R D X A N & Y P O S I T I O N O F T R E E 
* * * * T O P W H E N I T I S F L I F P E H O U T C F B U C K E R O N T O . T H E G R O U N D C R T O B L O C K 
* * * * 3 8 2 I F T R E E I S L E S S T H A N 6 5 F T , L O N G T O P E L E A S E T H E A S S E M B L E 
* * * * B L O C K 
4 6 F U N C T I O N P 6 0 2 
7 1 3 1 2 9 
* * F U N C T I O N 4 6 H E L P S B L O C K 1 2 R O U T E T R E E S R E L A T I V E T O H A R V E S T A B L E O R 
* * * * D E F E C T I V E T R E E S . I F D F F E C T I V E ( P 6 = 5 ) R T H F T R E E T R A N S A C T I O N I S 
* * * * R O U T E D T O B L O C K 1 3 . I F H A R V E S T A B L E ( P = L O > . T H E T R E E T R A N S A C T I O N 
* * * * I S R O U T E D T O B L O C K 9 . 
4 7 F U N C T I O N P 6 D 2 
4 3 1 1 5 2 1 
* * F N 4 7 I S A R O U T I N G C O N T R O L A S A F U N T I O N O F G R A L - E C F T R E E ( I F N C ^ C U T 
* * * * F A T A L I T Y ( P 6 < 4 ) , I T I S R O U T E D T C B L O C K 3 1 . I F H A R V E S T A B L E C R 
* * * * D E F E C T I V E T R E E R E Q U I R I N G C U T T I N G ( P 6 > M ) r I . T I S R O U T E D T O B L C C K 3 1 ) 
4 8 F U N C T I O N P 6 D 2 
4 1 1 1 1 5 3 6 
* * F K 4 8 I S A R O U T I N G C O N T R O L A S A F U N C T I O N O F G R A D E O F T R E F ( I F N C - C U T 
* * * * F A T A L I T Y ( P 6 < 1 * ) r I . T I S R O U T E D T C B L O C K 1 1 1 . I F H A R V E S T A B L E C R 
* * * * D E F E C T I V E T R E E R E Q U I R I N G C U T T I N G ( P 6 > M ) » I . T I S R O U T E D T C P L C C K 2 6 ) 
bl F U N C T I O N X 1 5 C3 
0 1 6 0 1 6 0 0 2 2 0 1 6 0 
* * F N 5 7 C O M P U T E S S L U E T O T R F E D I S T A N C E F C R S H E A R 
• A * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* S U B P R O G R A M F O R F O R E S T G E N E R A T O R A N Q M O D E L C O N T R O L 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
190 
1 GENERATE 1 0 6 4 2 10 
* * BLOCK i CREATES TREE TRANSACTIONS 
2 COMPARE VlO LE Kl 3 
* * BLOCK 2 CONTROLS THE RATF THAT TREE TRANSACTIONS ARE CPEATEC 
3 ASSIGN 1 K50 4 
* * BLOCK 3 ASSIGNS A DRH IN TENS CF INCHES TO FACH TREE TRANSACTION 
4 ASSIGN 2 K60 5 4 0 
* * B L O C K S ASSIGNS A HEIGHT IN FEET TO EACH TRFE TRANSACTION 
5 4 0 SAVEX 1 8 1 + Kl 5 
* * BLOCK 540 HELPS BLOCK 5 ASSIGN TREE NUMBER 
b ASSIGN 3 X 1 8 1 6 
* » BLOCK 5 ASSIGNS THE THEE NUMBER 
t ASSIGN 4 FNU 7 
* * BLOCK e ASSIGNS Y LOCATION TO THE TREE TRANSACTION IN TENS CF FEET 
7 ASSIGN 5 FN5 8 
* * BLOCK 7 ASSIGNS X LOCATION TC THE TREE TRANSACTION IN TENS CF FEET 
a ASSIGN 6 FN6 9 . . . 
* * BLOCK « ASSIGNS A GRACE TO THE TREE TRANSACTION ( F A T A L I T Y = 2 . 
* * * * DEFECTIVE T R E E = 5 , AND HARVESTABLE TREERLP) 
S ASSIGN 8 FN7 1 0 
* * B lOCK g HELPS BLOCK 10 IN ASSIGNING TERRAIN C L A S S I F I C A T I O N TC EACH 
* * * * TREE TRANSACTION 
1 0 ASSIGN 7 FN8 1 1 
» » Block -io ASSIGNS TERRAIN C L A S S I F I C N TO EACH TREE TRANSACTION 
1 1 ASSIGN 8 K5 50 
* * BLOCK ii ASSIGNS TYPE CLT TO EACH TREE TRANSACTION ( 5 = C L E A R . IQ=THIN> 
50 GUELE 1 Kl 70 
* * BLOCK 50OOEUE FOR TREES AWAITING PROCESSING 
51 GENERATE 1 52 
* * BLOCK 51 GENERATES A TRANSACTION TO SET SAVFXS TC I N I T I A L VALUES 
52 SAVEX 9 K630 53 
* * BLOCK 52 SETS SAVEX 9 TC 630 WHICH I S Y LOCATION op TH'F F I R S T 
* * * » TREE THAT I S TO PE PROCESSEC THRCUGH THE SIMULATION 
53 SAVEX 10 K500 54 
* * BLOCK 53 SETS SAVEX 10 TO 500 WHICH I S THE Y LOCATION OF THE MACHINE 
* * * * AT THE BEGINNING OF THF SIMULATION 
54 SAVEX 1 1 K80 5 5 
* » BLOCK 54 SETS SAVEX 11 TO eo WHICH I S THE X LOCATION OF THE SHEAR AT 
* * * * THE BEGINNING OF THE SIMULATION 
5 5 SAVEX 20 Kg 56 
* * BLOCK 55 SETS SAVEX 20 TO 5 WHICH SETS A CONTROL THAT HOLDS THE * * * * GRAPPLE UNTIL THE SHEAR HAS SLUED TO THE TREE b6 S VEX 30 Kio 5 7  BLOCK 56 SETS SAVEX 30 TC 10 WHICH SETS A CONTROL THAT HOLDS THE FINAL ADVANCE OF THE SHEAR IF N XT R E E F  SHEAR I S JK A ZONTH T WILL INTER ERE WITH GRAPPL MOVEMENT WIT  CURRENT TREE 57 5 IO 587  5 O» F F DURING C TAIN P SE  F HE D LIMBER OPE ION8 A 50  60 a SET SAVEX 50 TC D WHICH S TS A CON R L THAT ROUT S EE TRAN A TI N ROUG TH  B KER ANp SFTS THE BUCKE SH AR 60  6  o 1* * L C K 60  60 0 WHIC  I S HE Y L CA ION OF HF MACHINE  AT HE B GI ING OF TH^ TCP HARVE ING O lCN l 7 i 7 2 ' i 7   I       
191 
* * * * GRAPPLE DURING CERTAIN PHASES C F THE DELIMBEP C P E R A T J O K CURING 
* * * * HARVESTING O F TOPS 
7 2 TERMINATE 
» » B L O C K 72 TERMINATES THE I N I T I A L SAVEX SETTING TRANSACTION 
70 QUEUE 1 1 K i 7 4 
* » BLOCK 70 QUEUE FOR TREE TRANSACTIONS A ^ A I T I K G I N I T I A L SETTING O F 
• * * * * -SAVEXS-
74 COMPARE N72 GE Kl 71 
* * BLOCK 74 CONTROL TO HOLD TREE PROCESSING UNTIL S A V E X S HAVE PEEN SET 
7 1 G U E U E 12 K i 75 
* * BLOCK 71 QUEUE FOR TREE TRANSACTIONS AWAITING A V A I L I B I L I T Y OF 
* * * * OPERATOR 
75 GATE N U l 76 
* * BLOCK 75 CONTROLS FLP> O F T R ^ E TRANSACTIONS RELATIVE T C A V A I L A B I L I T Y 
* * * * O F OPERATOR 
76 S P L I T 80 1 2 9 
* * B L O C K 76 CREATES A DUPLICATE TREE TRANSACTION FOR THE SHEAR 
77 S P L I T 78 225 
« * BLOCK 77 CREATES A DUPLICATE TREE TRANSACTION FOR THE GRAPPLE 
78 S P L I T 79 300 
* » BLOCK 78 CREATES A DUPLICATE TREE TRANSACTION FOR THE DELIMBER 
79 S P L I T 85 3 4 0 
* * BLOCK 79 CREATES A DUPLICATE TREE TRANSACTION FOR THE PUCKER 
80 ADVANCE F N 18 
* * B L C C K 80 ROUTES TRANSACTIONS RELATIVE T C GRADt ( I F D E F E C T I V E - n I S 
* * * ROUTED TC BLOCK 85. I F HARVESTABLE» I T I S ROUTED T O PLOCK 7 7 ) 
* * * * * * * * * * * * * * * * * * * * *: * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* SUBPROGRAM FOR OPERATOR SIMULATION 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
t}5 S E I Z E 1 545 
* * BLOCK 85 S E I Z E S F A C I L I T Y 1 ViHlCH I S THE OPERATOR 
545 SAVEX 1 0 6 K l 20 
* * BLOCK 5 4 5 ASSIGNS SAVEX 1 0 6 A VALUE C F 1 T C I D E M I F Y F A T A L I T I E S 
* * * * I N THE PRINTOUT 20 SAVEX 100 P3 FN 47  BLOCK 20 (SAVEX loo) RECORDS THE NUMBER OF THE TREE AT THE OPERATOR A D ROUTING^ I S DETERMINED RELATIVE T O TRFE GRAD  ( I F NC-CUT »  F T A L I T Y ( P & < 4 » I T I S ROU D O B L O C K 7 1 . I F HARVESTABLE TREE OR DEF CTIVE TREE R QUIRI G CUTTING (P6>4)» I.T S ROU ED T O BLOCK 2 1 )1 1 C l 861 i i> RECORDS IME WHEN TREE I S T BLOCK 21 86 HOLD 2 7 15  86 IME QUIRED F  PERATOR TC SELECT NEXT T E  c 7 3 8 0*  a7 O ESTIMA E DBHbe 4 19 IDe R GRAD  R E AN  ROU ING I S * DETERMINED RELA V  T O G AD  ( D F E C T I V F ( P 6 = 5 ) . I T I S ROU ED T  * * BLOCK 9 l . I F HA VES ABL  ( F 6 - 1 0 ) I I S POUTE T  BL CK g9) ti9 S VEX 1 0 6 KO 22  B L O C K fl9 D N I F I E S HA VEST BL  REES I  P INTOUT2 2  5 23 1  * * u  2 2 I S TIME R̂Gl r FO  DE ERMI ING FRRAIN C A S S I F I A O N* O F THE R E 9 1 A  l l l l
* * BLOCK g i I D E N T I F I E S IN PRINTOUT DEFECTIVE TREES TH A T MUST BE CUT 
2 3 SAVEX 102 Cl 24 
* » BLOCK 23 (SAVEX IO2J RECORDS TIME WHEN TREE I S AT BLOCK 2 ? 
24 HOLD 7 FN 16 
* * B L O C K 24 ROUTES TREE TRANSACTIONS RELATIVE TC TYPE CF CUT ( I F C L E A R - 5 
* * * * IT I S ROUTED TO BLOCK ° 5 OR I F THIN C U T - I P IT I S ROUTED TC 
* * * * BLOCK 9 2 ) 
92 MATCH 142 9 3 
* * BLOCK 92 HOLDS THE OPERATOR FOR SHEAR A V A I L A B I L I T Y REFCRE THE 
* * * * OPERATOR PREPARES J C SLUE 
93 HOLD 8 94 10 
* * BLOCK g 3 is TIME REGUIREH FOR OPERATOR TO DETERMINE SLUE REQUIREMENT 
* * * * AND PREPARATION FOR SLUE 
94 MATCH 143 9 5 
* * BLOCK g4 HOLDS SHEAR BEFORE SLUE UNTIL OPERATOR I S PREFARED TC SLUE 
* * * * TO NEUTRAL POSITION 
95 MATCH 146 25 
* * BLOCK g5 HOLDS OPERATOR UNTIL SLLE I S COMPLFTED IF THINNING OPERATION 
* * * * I S BEING CONDUCTED OR IN CLEAR CUTTING OPERATION THIS BLOCK HOLDS 
* * * * THE OPERATOR UNTIL THE SHEAR I S AVAILABLE 
25 SAVEX 103 Cl 96 
* * BLOCK 25 ISA^EX i o 3 ) RECORDS TIME WHEN TREE I S AT BLOCK 25 
96 HOLD 9 97 10 
* * B L O C K gt i s THE T I M E R E Q U I R E D FOR THE C P E R A T C H TC D E T E R M I N E 
* * * * THE BACK-UP REQUIREMENT AND PREPARE TO BACK-UP 
97 MATCH 153 98 
* * BLOCK 97 HOLDS THE SHEAR UNTIL THE OPERATOR I S PREPARED TC BACK-UP 
98 MATCH 156 99 
* . BLCCK 9 8 HOLDS THE OPERATOR FOR THE SHEAR AND MACHINE TC PACK-UP 
99 HOLD 10 100 10 
* * BLOCK gg is THE TIME REQUIRED FOR THE OPERATOR TC DETERMINE 
* * * * THE ADVANCE 1 REQUIREMENT AND PREPARE FOR ADVANCE 1 
100 MATCH 157 1 0 1 
* * BLOCK IOO HOLDS THE SHEAR AND MACHINE FOR THE OPERATOR TO FREPARE 
* * * * FOR ADVANCE 1 
101 MATCH 161 102 
* * BLOCK i q i HOLDS THE OPERATOR FCR THE SHEAR ANO MACHINE TC COMPLETE 
* * * * ADVANCE 1 
102 HOLD 11 103 10 
* * BLOCK 102 i s THE TIME REQUIREMENT FOR THE OPERATOR TO DETERMINE THE 
* * * * SHEAR SLUE TO TREE REQUIREMENT AND PREPARATION FOR I T 
103 MATCH 162 104 
* * BLOCK 103 HOLDS SHEAR ANC MACHINE FOR OPERATOR TO PREPARE FCR 
* * * * SLUE TC TREE 
104 MATCH 167 105 
* * BLOCK 104 HoLps OPERATOR FOR SHEAR TC COMPLFTE S L U E TO TREE 
105 HOLD 12 106 10 
* * BLOCK IOS I S THE TIME REQUIREMENT FCR THE OPERATOR TO DETERMINE THE 
* * * * ADVANCE 2 REQUIREMENT AND PREPARE F C R IT 
106 MATCH 168 107 
* * B L O C K 106 HOLDS THE SHEAR FOR THE OPERATOR TO PREPARE FOR ADVANCE 2 
107 MATCH 172 26 
* * BLOCK 107 HOLDS OPERATOR FOR THE MACHINE TC COMPLETE ADVANCE 2 
26 SAVEX 104 C l 27 
* * BLOCK 26 (SAVEX IO4J RECORDS TIME WHEN TREE I S AT BLOCK 26 
27 SAVEX 105 Ve 28 
* * BLOCK 27 (SAVEX l o s j RECORDS ACTUAL OPERATING TIME OF OPERATOR 
28 SAVE> 108 V g 29 
* * BLOCK 28 (SAVEX 1 0 8 ) RECORDS TIME OPERATOR WAITS CN SBEAR A V A I L A B I L I T Y 
29 SAVEX 109 V H 30 
» * BLOCK 29 <SAVEX 109) RECORDS TIME TREE }S IN CONTROL OF OPERATOR 
20 PRINT 100 109 108 
* » BLOCK 30 PRINTS PROCESS TIMES CF OPERATOR 
108 RELEASE 1 109 
* * BLOCK ioe RELEASES FACJLTTY I WHICH i s THE OPERATOR 
109 TERMINATE 
* » BLOCK 109 TERMINATES . 'HE TRANSACTION AS IT TS RELEASED FPCM F A C I L I T Y *»** i 
31 SAVEX 101 C l 32 
* * BLOCK 3 ! (SAVEX i o i ) RECORDS TIME V,HEN TREE I S AT BLOCK 21 
3 2 SAVEX 
1 0 2 Cl 
33 




* * BLOCK 33 (SAVEX i o 3 > RECORDS TIME WHEN TREE I S AT BLOCK 33. 104 Cl 27 
(SAVEX i o 4 ) RECORDS T I M E WHEN TREE I S AT BLOCK 34 2 Kl 130 
* * BLOCK 129 QUEUE FOR TREE TRANSACTION AWAITING PROCESSING 
* * * * THROUGH THE SHEAR 
* * » * * * * * * * * *.* * * * * » * * 
34 SAVEX 
•* BLOCK 34 
1 2 9 Q U E U E 
* * * * * * * * * * * * * * * * * * * * * * * * » * * * * * * * * :* • * * * * * * * * * * * * • * * * * * 
* SUBPROGRAM FOR SHEAR SIMULATION 
* '• * * * * * * * * * * * * * * * * * * * * * * * * * * *'*'*-*- * * * * *• 
* * * * * * *. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
130 S E I Z E 20 128 
* * BLOCK 130 S E I Z E S F A C I L I T Y 20 W>ICH I S THE SHEAR 
128 S P L I T 209 131 
* * BLOCK i2e FORMS A DUPLICATE TREE TRANSACTICK ,TO F R C C E S S THROUGH 
* * * * THE SHEAR WHILE H O L C I N G T H ^ ORIGINAL TRANSA.TION TO RELEASE F A C I L I T Y **** 20 AS A REQUIREMENT OF PROGRAMMING PROCEDURE 
121 SAVEX 1 Pi 132 
* * B L O C K 131 ASSIGNS S A V E X 1 THE CBH VALUE O F THE CURRENT TRANSACTION 
* * * * IN THE SHEAR 133 
THE HEIGHT VALUE OF THE CURRENT TRANSACTION 
1 3 2 SAVEX 2 H2 
* * BLOCK I32 ASSIGNS SAVEX 
* * * * IN THE SHEAR 
1 3 3 SAVEX 3 P3 
* * BLOCK I33 ASSIGNS SAVEX 
* * * * TRANSACTION IN THE SHFAR 
1 3 4 SAVEX 4 H4 
* * B L O C K 1 3 4 ASSIGNS S A V E X 4 THF Y LCCATICN CF THE CURRENT TRANSACTION 
* * * * IN THE SHEAR 
1 3 5 SAVEX 5 P5 
* * BLOCK I 3 5 A S S I G N S SAVEX 
* * * * IN THE SHEAR 
1 3 6 SAVEX 6 P6 
* * B L O C K 136 ASSIGNS S A V E X 6 THE TREE 6RADE (DEFECTIVE OR HARVESTABLE) 
* * * * CF THE CURRENT TRANSACTION IN THE S H E A R 
137 SAVEX 7 P7 138 
* * B L O C K 137 ASSIGNS S A V E X 7 THF TERRAIN C L A S S I F I C A T I O N FOP THE CURRENT 
* * * * TRANSACTION IN THE SHEAR 
138 SAVEX 8 He 139 
* * BLOCK i3e ASSIGNS SAVEX P THE TYFE CUT FOR THE CURRENT TRANSACTION 
* * * * IN THE SHEAR 
1 3 4 
THF TREE NUMBER OF THE CURRENT 
1 3 5 
1 3 6 
THF X LCCATICN OF THE CURRENT TRANSACTION 
1 3 7 
129 S A V E X 9 + F 4 35 
* * B L O C K 1 3 9 R E C O R D S A B S O L U T E L O C A T I O N O F NEW T R E E 
35 S A V E X 110 F 3 F N 48 
* * B L O C K 3 5 ( S A V E X 1 1 0 ) R E C O R D S T H E N U M B E R O F T H E T R E E A T T H E S H E A R 
* * * * A N D R O U T I N G I S D E T E R M I N E D R E L A T I V E T O T R F E G R A D E ( I F N C - C U T 
* * * * F A T A L I T Y ( P 6 < 4 ) . I T I S R O U T E D T O B L C C K I L L . I F H A R V E S T A B L E T R E E O R 
* * * * D E F E C T I V E T R E E R E Q U I R I N G C U T T I N G ( P 6 > 4 ) » I.T I S R O U T E D T C B L C C K 3 6 ) 
36 S A V E X 1 1 1 C l F N 10 
* * B L O C K 3 6 ( S A V E X 1 1 1 ) R E C O R D S T I M E WHEN T R E F I S A T P L O C K 36 
* * * * AND R O U T E S T R E E S R E L A T I V E TC TYPE O F CUT ( I F X 8 = 5 , B L O C K 146» 
* * * * C L E A R CUT OR I F X 8 = 1 0 » B L O C K 140» J H I N CUT) 
140 S A V E X 15 V2 1*41 
* * B L O C K mo R E C O R D S T H E P O S I T I O N O F T H E S H E A R F R O M T H E L A ^ T T R E E 
* * * * R E L A T I V E TO 160 pOSlTTGN A N D A S S I G N S V A L U E TO S A V E X J 5 
ml A S S I G N 7 F M 1 1 4 2 
* * B L O C K mi C O M P U T E S S L U E D I S T A N C E T O eo P O S I T I O N A S A F U N C T I O N C F 
* * * * S A V E X 15 AND A S S I G N S V A L U E TC P A R A M E T E R 7 
1 4 2 M A T C H 92 143 
* * B L O C K 1 4 2 H O L D S S H E A R F O R T H E A V A I L A B I L I T Y C F T H E O P E R A T O R T C 
* * * * P R E P A R E T O S L U E T O 80 P O S I T I O N 
143 M A T C H 94 144 
* * B L O C K 143 H O L D S S H E A R FOP O P E R A T C R TO PREPARE FOR SLUE TC 80 P O S I T I O N 
1 4 4 HOLD 2 1 145 1 FN 12 
» * B L O C K 144 SLUE T IME F C R S H E A R T C SLUE TO 80 P O S I T I O N 
145 SAVEX 1 1 K80 1 4 6 
* * B L O C K 145 SETS R E C O R D OF S H E A R P C S I T I O N TO P O 
146 M A T C H 95 37 
* * B L O C K i 4 6 H O L D S O P E R A T O R U N T I L S L U E I S C O M P L E T E D I F T H I N N I N G 
* * * * O P E R A T I O N I S B E I N G C O N P U C T E D , I N C L E A R C U T T I N G O P E R A T I O N T H I S BLCCK 
* * * * H O L D S THE O P E R A T O R UNTTL THE S H E A R I S A V A I L A B L E 
27 S A V E X 1 1 2 C l 147 
* * B L O C K 3 7 ( S A V E X 1 1 2 ) R E C O R D S T I M E T R E E I S A T B L O C K 3 7 
1 4 7 S P L I T 148 149 
* * B L O C K 147 F O R M S A D U P L I C A T E T R A N S A C T S FOR S H E A R C P E N I N G T I M E 
148 S P L I T 1 5 1 1 9 7 
* * B L O C K me F O R M S A D U P L I C A T E T R A N S A C T I O N F O R S H E A R T E R R A I N S E T I F T R E E 
* * * * G R A D E I S H A R V E S T A B L E 
149 HOLD 2 2 166 20 
» * B L O C K 1 4 9 is S H E A R C P E M N G T I M E 
1 9 7 A D V A N C E F N 20 
* * B L O C K I 9 7 R O U T E S T R A N S A C T I O N A S A F U N C T I O N O F T R E E G R A C E ( I F 
* * * * D E F E C T I V E T R E E ( P 6 = 5 ) » R C U T E T C B L O C K 38 OR I F H A R V E ^ T A R L E 
* * * * ( P 6 = 1 0 ) , ROUTE T O B L O C K 39 FCR S H E A R T E R p A I N SET) 
28 SAVEX 1 2 1 K H I I 1 6 6 
* * B L O C K 3 8 I S A V E X 1 2 I ) I D E N T I F I E S I N P R I N T O U T D E F E C T I V E T R E E S T H A T 
* * * * M U S T B E C U T DOWN 
29 S A V E X 1 2 1 Ko 150 
* * B L O C K 3 9 ( S A V E X 1 2 1 ) I D E N T I F I E S H A R V E S T A B L E T R E E S I N P R I N T O U T 
1 5 0 HOLD 23 166 5 
* * B L O C K I S O S H E A R T E R R A I N S E T T I M E 
1 5 1 A S S I G N 6 V2 152 
* * B L O C K 1 5 1 D E T E R M I N E D I S T A N C E B E T W E E N T R E E A N D M A C H I N E R E F E R E N C E P O I N T 
152 A S S I G N 5 F M 3 153 
* * B L O C K 1 5 2 D E T E R M I N E S B A C K - U P D I S T A N C E 
153 MATCH 97 154 
* * B L O C K 153 H O L D S S H E A R U N T I L O F E R A T C R I S P R E P A R E D T O B A C K - U P 
154 HOLD 24 155 1 FN14 
195 
* * BLOCK 154 BACK-UP TIME 
1 5 5 SAVEX 1 0 - P 5 1 5 6 
* * BLOCK i55 CORRECTS MACHINES LOCATION R E L A T I V E TC ? A C K - L P DISTANCE 
1 5 6 MATCH 98 1 5 7 
* * BLOCK i 5 6 HOLDS OPERATOR FOR THE MACHINE TO BACK-UP 
1 5 7 MATCH 1 0 0 1 5 8 
* * BLOCK 157 HOLDS MACHINE FOR OPERATOR TO PREPARE FOR ADVANCE I 
1 5 8 ASSIGN 4 :VH 1 5 9 
* * BLOCK i58 COMPUTES ADVANCE i DISTANCE 
1 5 9 HOLD 2 5 1 6 0 1 FN 1 5 
* * BLOCK I 5 9 ADVANCE I TIME 
1 6 0 SAVEX 10+ P4 1 6 1 
* * BLOCK 160 CORRECT MACHINE POSITION RELATIVE TO ADVANCE i DISTANCE 
1 6 1 MATCH 1 0 1 1 6 2 
* * BLOCK I & I HOLDS OPERATOR FOR THE MACHINE TC COMPLETE ACVANCE I 
1 6 2 MATCH 1 0 3 1 6 3 
* * B L O C K 162 HOLDS MACHINE FOR OPERATOR TC PREPARE F C R SLUE TC TRtE 
1 6 3 SAVEX 1 5 V5 1 6 4 
• » * B L O C K 1 6 3 HELPS BLOCK 1 6 4 COMPUTE THE SLUE TO TREE DISTANCE 
1 6 4 ASSIGN 7 FN57 1 6 5 
* * BLOCK 164 COMPUTES THE SLUE TC TREE DISTANCP 
1 6 5 HOLD 2 6 1 6 6 1 F M 2 
** BLOCK i65 SLUE TO TREE TIME 
166 ASSEMBLE 3 198 
* * BLOCK 166 HOLDS SHEAR UNTIL SHEAR I S CPENEP,SHEAR TERRAIN SET I S 
* * * * MADE IF TREE I S HARVESTABLE. AND SLUE TO TREE I S COMPLETE 
1 9 8 SAVEX 20 K10 1 6 7 
* * BLOCK I 9 8 SETS SAVEX *O TO PERMIT GRAPPLE Tr SLUE TO TREE AFTER 
* * * » SHEAR HAS CCMPLETEC THE SLUE TC TREE 
1 6 7 MATCH 1 0 4 I6e 
* * BLOCK i67 HOLDS OPERATOR UNTIL SHEAR HAS COMPLETED SLUE TC TREE 
1 6 8 MATCH 1 0 6 FN 2 5 
* * BLOCK 168 HOLDS MACHINE FOR OPERATOR TC PREPARE FOR ADVANCE 2 AND 
* * * * ROUTES TRANSACTION RELATIVE TC X LOcTIoN QF T R E E ( I F TREE BETWEEN 
* * * * 60 AND 1 1 0 x LOCATION IT COULD I N T E R F E R WITH G R A P P L E CURING 
* * * * ADVANCE 2» IN THIS CASE THE TRANSACTION I S R O U T E C T C BLOCK 1 9 6 TO 
* * * * CREATE A HOLD CN ADVANCE ? UNTIU THE GRAPPLE I S C L E A R . FCR TREE X 
* * * » LOCATION NOT B E T W E E N 6p AND 1 1 0 THE TRANSACTION I S ROUTED TO 
* * * * BLOCK 1 6 9 ) 
1 9 6 SAVEX 1 1 3 Cl 40 
* * B L O C K 1 9 6 (SAVEX 1 1 3 ) RECORDS TIME WHEN TREF I S AT BLOCK 1 9 6 
40 COMPARE X30 G K6 4 1 
* * B L O C K 4O HOLDS SHEAR ADVANCE 2 FCR TREES toITH X LOCATION BETWEEN 
*»** 60 AND 1 1 0 UNTIL GRAPPLE I S CLEAR WITH 1 AST TREE 
4 1 SAVEX 1 1 4 Cl 1 6 9 
* * BLOCK 41 (SAVEX H4J RECORDS TIME WHEN TREE I S AT BLOCK 41 
1 6 9 ASSIGN 4 K40 1 7 0 
* * B L O C K 1 6 9 ASSIGNS THE STANDARD ADVANCE 2 DISTANCE TO PARAMETER 4 
1 7 0 HOLD 2 7 1 7 1 1 FNl5 
* * BLOCK 170 ADVANCE 2 TIME 1 7 1 SAVEX 1 0 + P4 1 7 2 * * BL C  171 CORRE TS MACHINE POSITION RELATIVF .TC ADVANCE 2 2 M TCH 7 3 I 7 2 H LD OPERATOR FOR MACHINE TO COMPLE E 3 HOLD 28 F 2 2 10  O K 3 TIME REQUIRED T L WER SHEAR T  GROUND FOR FELLING* ALSO * * R UTES RANSACTION ELATIVE C GR DE F TRT  ( I F DEFECTIVE TP6=5)» 
196 
**** TRANSACTION IS R C U T E D TC RLCK 174 TC SIBILATE SHEAR FELING A **** DEFECTIVE TREE. IF HARVESTABLE (P6=l0).TRANSACTION is RCUTt, TC **** DLOCK 200 TC SIMULATE THE SHEARING CF A HARVESTABLE TREF IN **** COORDINATION WITH 7HE G R A P F L E ) 174 HOLD 29 175 1 F N17 
* * B L O C K 174 SIMULATES H M E TO SHEAR A 175 HOLD 20 
» * B L O C K 1 7 5 TIME FOR TRE  TC FAL  176 SAVE* 11 *5 
» » B L O C K 176 RECORDS THE X PCSITICN C F THE SHEAR FCR REFERENCE IN **** COMPUTING INITIAL L̂Ur DISTANCES WITH NEVT TRE  £46 SAVE* 116 Cl 547 
* * B L O C K 546 (SAVEX life) R E ^ C R C c TIME WHEN TRÊ IS AT PLOCK 546 b47 SAVE* 117 Cl 548 
* * B L O C K b47 (SAVEX 17» RECCRCS TIME WHEN TREF IS AT PLOCK 547 
1 7 5 1 
DEFECTIVE TREE 
1 7 6 20 
5 4 6 
b48 SAVEX 
1 2 0 
Cl 549 
* * B L O C K 5^8 (SAVEX 1 2 0 ) RECCRCS TIME WHEN TREF I S AT P L O C K 54e 
B49 SAVEX 
122 Ci 46 * * B L O C K 49 ( S A V E X 122) R E C O R D S T I M E WHEN T R E F I S A T pLCCK *00 H O L C 59FN 2: HARVESTARLE TREE 25 42 *» BLOCK 2^0 SIMULATES TIME FOR PHASE 1 SHEARIT^G OF A 
42 SAVEX 1 1 6 Cl 2 0 1 
* » BLOCK 42 (SAVEX I I 6 > RECORDS TIME WHEN TREE I S AT RLCCK 4 ? 
* 0 l MATCH 2 4 6 4 2 
** B L O C K 201 HCLDS SHEAR F C GRAPPLE TC B E REATY TC G R A S P T H F TREE 
*»** BEFOHF SHEAR STARTS PHASE 2 CUT TC SEVER THE TRF_E 
42 SAVEX 1 1 7 Cl 1 9 9 
* * B L O C K aZ (SAVEX 1 1 7 ) RECORDS TIME WHEN TREE I S A T RLCCK 42 
1 9 9 SAVEX 20 K5 202 
* * B L O C K 1 9 9 SETS SAVEX 20 TO HOLD THE GRAPPLE ON THE NEXT TREE UNTIL 
* * * * THE SHEAR HAS COMPLETED THE SLUE TC TREE 
<:G2 HCLLJ 36 202 1 FN24 
* * E L O C K 202 SIMULATES TIME FCR PHASE 2 ShEARIf- G OF A H A R V F S T A P L E T R E E 
202 MATCH 248 44 
** B L C C K 202 HCLDS GRAPPLE TC COMFLETE THE PHA^E 2 SHEARING THUS 
* * * * SEVERING THE STEM 
44 SAVE* 1 2 0 Cl 204 
* * B L O C K 44 (SAVEX 1 2 0 ) RECORDS TIME WHEN TREE IS AT R L O C K 44 204 MATCH 255 45 
* » B L O C K 204 HCLDS THE RAISING OF THE S H E A R FCR THE GPFIPPLFR TC L I F T THE 
* * * * TREE THUS PKCVIDlNC CLEARANCE FCR R A I S I N F OF T H E SHEAR 
45 SAVEX 122 Ci 205 
* * B L C C K 4 5 (SAVEX 1 2 2 ) RECORDS H ^ E WHEN TREE I S AT RLOCK 45 
HOLC 37 206 10 
* * B L C C K 205 SIMULATES THE TIME Tc R A I S E THE SHEAR T C THE TRAVFL AND 
* * * * SLUE P C S I T I C N 
206 S A V L X 1 1 *5 46 
** B L O C K 20^ RECORDS THE X POSITION C F T H £ S H E ^ R FOR REFERENCE I N 
COMPUTING I N I T I A L S L U F DISTANCES V»IjH ThF NEXT TREE 
4 b ;AVEX 
22 Cl 
47 
» * B L O C K nb ( S A V E X 122) R E C O R D S T I M E WHEN T R £ E I S A T R L C C K 46 
47 AV X 
115 
V 1 2 48 
* * B L O C K H? ( 115) ECORDS ACUAL OPEATE G TIME CF SHEAR 4e SAVEX 118 V12 49 
* * B L C C K t+fi (SAVEX 1 1 8 ) RECORDS TIME SHEAR WAIS ON CpERATCR ANC *»** GRAPLE AVAILABILITY 49 SAVEX 119 Vl6 110 
1 9 7 
» * Block 49 (savex'ii?) Records time tree is it ccntrCl cf shfar 
i l l ) PRINT 110 124 207 
» * B l C C K i l O PRINTS PRCCtSS. T l y r s (;F THE SHEAR 
207 MATCH 209 550 
* * B l C C K 207 H O L D S T H E CRlGTNAL TRANSACTIcN THAT S E I Z E D F A C I L I T Y 
* * * * 20 WHILE A D U P L I C A T E T R A N S A C T I C N SlMULATrc A TREE B E t N G F P O C E S S E D 
* * * * THRcUGH THE S H E A R ( T H I S P R O C E D U R E IS A P R T G H A M M n G R F c L I R F M E N T TC 
* * * * I N S U R E T H A T THE T R A N S A C T I O N THAT S E I Z E D P A C I L I T y 20 aLSC P L L E A S E S **** IT) 
i 5 0 S A V E X 121 Ko 208 
* * B l C C K 550 A S S I G N S SaVEx 1.21 A V A L U E CF 0 TC iL -ENTIpY H A R V E S T A d L t **** TREES I N THE P R I N T O U T 
2 0 8 T E R M I N A T E 
* * B l O C K 208 T E R M I N A T E S .THE D U P L I C A T E TREE T R A N S A C T I O N AFTfR IT HAS 
* * * * S I M U L A T E D A TREE B E I N G P R O C E S S E D T H R O U G H THE SHEAP 
i:09 M A T C H 207 210 
* * B l C C K 20° H O L D S THE CHigINAl T R A N S A C T I O N THAT S E I Z E D F A C I L I T Y 
» * * * 20 WHILE A D U P L I C A T E T R A N S A C T I O N S I m U L A T F S A TREE BE l'NG F P C C E S S E D 
* * * * T H R O U G H THE S H E A R 
210 R E L E A S E 20 211 
* * B l C C K 210 R E L E A S E S F A C I L I T Y ?0 ( S H E A R ) AFTEP A TREE TRAt SACT I C N HAS **** BEEN P R O C E S S E D T H R O U G H T H F S H E A R 
211 T E R M I N A T E 
* * B l C C K 211 T E R M I N A T E S >HE C R I M I N A L T R A N S A C T I O N A F T E R SHFa.R S I M U L A T I O N 
* * * * I S C O M P L E T E 
111 S A V E X 111 C l 112 
 B . . C C K 111 (SAvEX 111) R E C O R D S T I M E WHEN T R E P IS AT BLOCK 111 
112 S A V E X 112 C l 112 
* * B L C C K 112 ( S A V E X 11?) RÊ CRcS T I M E WHEN T R E F IS AT PLOCK 112 112 S A V E X 113 C l 114 
* * B L C C K 113 ( S A V E X 113) R E O C R C S T I ME WHEN T R E P IS A T BLOCK 112 i l M S A V E X 114 C l 115 
* * bLCCK HM ( S A V E X 114) R E C O R D S T I M E WHEN T R E P IS AT BLOCK 114 
115 S A V E * 116 C l 116 
** Block n c ( S A V E X l l f r ) R E C O R D S T I M E WHEN T R E F iS A T BLOCK 11 = 
116 S A V £ X 117 C l 117 
** Block i i 6 ( S A V E X 117) R E C O R D S T I M E WHEN T R E P AS A T BLOCK 116 
117 S A V E X lie Cl lie 
** B l C C K 117 ( S A V E X lie) 
R E C O R D S T I M E 
WHEn T R E P IS 
A J BLOCK 117 l l f l S A V E X 120 C l 119 
* * B L C C K l i e ( S A V E X 120) R E O C R C S T I M E WHEN T R E P IS A T BLOCK 1 IP 
119 S A V E X 122 C l 46 
*. Block i i c ( S A V E X 122) R E C C R C C T I M E WHEN T R E P IS A T BLOCK 1 19 ^25 G U E U E 7 K l 226 ** BlCCK 2 5 5 GUEUE FCR TREE -TRANSACTION AWAITING PROCESSING THPCUb-H 
* * * * THE GRAPPLE 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* SUBPROGRAM FOR GRAPPLE SlMUl Aj ICN 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
2 2 6 SEIZE 4 5 2 2 4 
* * JjlCCK 2 2 6 SEIZES FACILITY 4 5 A H I C H IS THE GPAHPLF 
^ 2 4 SPLIT 2 8 1 2 2 7 ** BlCCK £ 2 4 FORMS A DuFLlCATE TREE TRANSACTION TC FRcCESS THRcUh THE 
* * * * GRAPPLE WHILE HOLDING THE ORIGINAL TRANSITION Tc RELEASE FACILITY 
* * * * 4 5 AS A REQUIREMENT CF PROGRAMMING PROCETUHE 
198 
^ 2 7 S A V E X 2 1 F l 228 
* * B L C C K 2 2 7 A S S I G N S S A V E X 71 T H E DEH V A L L E C F T H E C U R R E N T T R A N S A C T I O N 
* * * * I N T H E G R A P P L E 
2 2 6 S A V E X 2 2 H2 
* » B L C C K 22P A S S I G N S S A V E X ? 2 T H E H E I G H T 
» . * » T R A N S A C T I O N I N THE G R A F P L F 
229 
VALUF CF THE CURRENT 
2 2 9 S A V E X 23 F3 230 
231 
LCCA.TjGN CF i HE CURRENT 
232 
* » B L O C K 229 ASSIGNS SAVEx ?2 THE DENSITY VALUF O F T H E C U R F F N T 
* * * * TRANSACTION IN ThE G R A F P L F 
230 SAVEX 24 Hq 
* » B L . O C K 230 ASSIGNS S A V E X ?4 THE 
»»*» TRANSACTION I N THE G R A P F L P 
231 SAVEX 25 F5 
* » B L O C K 221 ASSIGNS S A V E X '?5 THE X LOCATj.CN C F .1 HE CURRENT 
* * * * TRANSACTION IN THE G R A F P L F 
£ 2 2 SAVEX 26 F6 232 
* * B L O C K 23? ASSIGNS S A V E X ?6 THE TREE GRADE ( T E F E C T I V E OP HARVESTABLE) 
* * * * CF THF CURRENT TRANSACTION IN THE G R A F P L F 
223 S A V E X 27 F7 224 
* * B L C C K 233 ASSIGNS S A V E X ? 7 THE TERRAIN CLAS^it- I C A J I C N FcP THE 
* * * * CURRENT TRANSACTION j > THE GRAPPLE 
*24 SAVEX 28 Fg 460 
* » B L C C K 224 ASSIGNS SA>EX 28 THE TYPE C L T (CLEAR C R THIN) F C P THE 
» * * * c L R R f c ^ T T R A N S A C T I O N I N T H F G R A P P L E 
460 SAVEX 130 F3 461 
* * B L O C K 460 (SAVEX 130) RECORDS THE NUMBER CF THE T P E E AT THE GRAPPLE 
4fcl S A V E X 131 C l 235 
* » B L C C K 46I (SAVEX 1 2 i ) RECORDS TIME WHEN TREF I S AT BLOCK 461 
225 COMPARE X20 6 KP 462 
* » B L O C K 225 HOLDS THE C R A D L E UNTIL THE SHEAP HAS COMPLETED THt S L U L 
»*** TO TREE 
462 SAVEX 132 C l 238 
** BLOCK 462 (SAVEX 132) RECORDS TIME WHEN TREF I S AT PLOCK 462 
<;28 SAVEX 16 V6 239 
* . B L C C K 23P HELPS BLCcK 239 CCMFUTE GRAFpLE SL UL DlSTANCF TC TREE 
c 2 9 ASSIGN 5 FN40 240 
** BLOCK 239 COMPUTES GRAPPLE SLUE DISTANCE TC TREE 
c40 HOLD 47 241 1 FN?7 
* » B L O C K 240 SIMULATES SLUE TlMF FOR EMPTY GRAPPLE TC TREF 
c 4 l HOLG 48 242 10 
* » B L C C K 241 SIMULATES TIME TC UNFOLD GRAFPLE *0 DEGREES 
*4< S P L I T 244 243 
** B L O C K 242 FORMS 2 DUPLICATE TRANSATICN TC STMULTANECUSLY SIMULATE 
*»** COMPLETING GRAPPLE ROTATION AND GRApPLE I C W E R I N G 
«:42 H O L D 49 245 1 FN?9 
* » B L C C K 243 SIMULATES THE TIME FOR ROTATION C F GRAPPLE THE REMAINING 
» » * * 30 DEGREES 
^44 HOLD 50 245 5 
* » B L C C K 244 SIMULATES THE TIME FCP LOWERiNG OF THE G R A P P L E FPCM THE 
* * * * SLUE P C S I T I C N TO TREE G R A S F I N G PCSlTlON 
245 ASSEMBLE 2 463 
*» BLOCK 245 HCLDS GRApPLE UNTIL GRAPPLE RCTATTCN IS COMPLETED AND 
* * * * GRAPPLE LOWERING I S COMPLETED 
462 SAVEX 132 C l 246 
* * B L . C C K 462 (SAVEX 122) RECORDS TIME WHEN TpEF iS AT BLOCK 462 
^46 MATCH 201 464 
* * B L O C K 246 HCLDS SHEAR FCR GRAPPLE TC BE REArY TC G R A S P THF TREE 
199 
*»** BEFCHE SHEAR STARTS PHASE 2 CLT TO SEVER THE T H ^ F 
4 6 4 SAVEX 1 3 4 C l 2 4 7 
** B L C C K M64 (SAVEX 1 3 4 ) RECORDS TIME WHEN TREF I S AT PLOCK 464 
2 4 7 HCLC 5 1 24e 1 FN?P 
* » B L C C K 2^7 SIMULATES GRAFPLE CLOSING T I M E CN THE T R E E 
t 4 8 MATCH 202 24g 
* » B L C C K 24P HCLDS THE GRAFPLE UNTIL THE SHEAR SEVERS THE TREF 
* 4 9 HCLC 5 2 2 5 0 2 
* * B L C C K 2 4 Q SIMULATES TIME TC L I F T THE T R E E T H R L U G H IO DEGREFS 
*»** CF G R A F P L E ARM 
2 5 0 SFLlT 2 5 1 2 5 2 
* » B L C C K 2 5 0 HELPS BLCcK 251 FCRM 3 DUFLIcATE T R A N S A C T I O N C TO 
*»** SIMULTANEOUSLY SIMULATE THE ROTATION CF GRAPPLE TO SLUE FCSiTICN 
* * * * NC. 5» SETTING CF ,1 HE T R E F S U F F C R T . AND THL L I F T I N G cF THF TREE 
* * * * TC SLUE POSITION 
2 5 1 S P L I T 2 5 4 2 5 2 
* * B L O C K 2 5 1 HELPS BLCcK 25n F C R M 2 CUPLlcATE TRANSACTIONS TC 
* * * * SIMULTANEOUSLY SIMULATE THE ROTATION OF CRAPPLE TO SLUE F O S I T I C N 
* * * * NO. 5» SETTING OF .THE TR£F SUPPORT* AND T H t L I F T I N G cF THF TREE 
»*** TO SLUE POSITION 
«i52 HOLD 52 2 5 6 1 FN20 
** BLOCK 2 5 ? SIMULATES THE TIME FOR THE GRAPPLE TC RCTATF TO SLUE 
* * * * POSITION ( T E R R A I N SETTING NO . 5> 
^ 5 2 HOLD 54 2 5 6 2 
** BLOCK 252 SIMULATES THE TIME TC SET THE TREF SUPFCRT 
T 5 4 H O L D 55 255 2 
* » B L O C K 2 5 4 SIMULATES THE TIME TC RAISE THE TPEt TC SLUE F C S I T I C N 
2 5 5 MATCH 204 2 5 6 
» * B L C C K 2 5 5 HCLDS THE RAISING OF THE S H E A R F C P THE G R A P P L F TO L I F T THE 
*»** TREE THUS PROVIDING CLEARANCE FCR RAISING OF THE S H F A R 
* 5 6 ASSEMBLE 2 2 5 7 
* * B L C C K 2 5 6 HOLDS GRAPPLE UNTIL ROTATION OF GPAFFLE TC SLUE POSITION 
* » * * N O . 5» SETTING CF THE T R E F SUFFCRT. AND THE L I F T I N G cF THE TREE 
* » * * T C SLUE POSITION HAS PEEN COMPLETED 
^57 SAVEX 20 K5 2 5 8 
* » B L O C K 2 5 7 SETS SAVEX -0 T C HOLD SHEAR ADVANCE 2 F C R NEXT TREE WITH X 
* * * * LOCATION BETWEN 60 AND 1 1 0 UNTIL GRAPPLF AND TREE APE CLFAR FCR 
* * * * THE SHEAR ADVANCE 2 
^ 5 8 HOLD 5 6 4 6 5 1 FN21 
** B L C C K 2 5 8 SIMULATES SLUE TIME C F G R A P F L E WITH TREE 
H 6 5 SAVEX 1 3 6 C l 260 
* * E L O C K 4 6 5 (SAVEX 1 3 6 ) RECORDS TIME WHEN TRE^ I S AT PLOCK 4 6 5 
*60 COMPARE X35 0 K« 466 
* * BLOCK zto HCLDS GRAPPLE RAISING TO DELIMBER HOLD P C S I T I C N FOR 
*«** CLEARANCE C F DELiMBER M T H LAST TREE 
466 SAVEX 1 3 7 C l 2 6 1 
* * B L C C K 466 (SAVEX 1 3 7 ) RECORDS TIME WHEN TREF I S AT PLOCK 466 
* 6 l S P L I T 263 2 6 2 
» * B L O C K 2 6 1 FORMS 2 DUPLICATE TRANSACTIONS TC SIMULTANEOUSLY SIMLLATt 
»*** ROTATING GRAPPLE TC T ^ R R A T N SET FCSlTlCN N C . 3 , AND RAISING CF 
*»** TREE TC DELIMBER H C L D F C S U I C N 
ck2 HOLD 5 7 264 2 
** BLOCK 262 SIMULATES TIME TO ROTATE GRAPPLE AND TREP TO TERRAIN SET 
* * * * P C S I T I C N N C . 3 
2 6 3 HOLD 58 264 1 5 
* * B L C C K 2fc' SIMULATES TIME Tc RAISE TREE AND CRAFPLE TO DELIMpER HOLD 
* * * * F O S I T I C N 
200 
* 6 4 ASSEMBLE 2 2 6 5 
** BLOCK 26** HOLDS GRAPPLE UNTIL COMPLETION CF ROTATION CF GPAFPLE 
* * * * AND TREE TO POSITION NO. 2 AND RAISING CF .1REE ANO GRAPPLE TC 
* * * * CELLMPER HOLD POSITION 
2 6 5 SAVEX 20 Kio 467 
* * B L O C K 2 6 5 SETS SAVEX -O TC R P L E A S E SHEAR ADVANCE 2 FOR NEXT THEE WITH 
* * * * X LOCATION nE T w E E N 60 A N D H O SINCE G R A P F L E AND TREF ARE CLEAR FOR 
* * * * SHEAR ADVANCE 2 
467 SAVEX 1 4 0 C l 266 
* * B L O C K 4 6 7 (SAVEX 140> RECORDS TIME WHEN TREF I S AT PLOCK 4 6 7 
* 6 6 MATCH 202 468 
** BLOCK 266 HOLDS GRAPPLE C 0 R CELIMEER CLEAPA.NCE Tc RECFlVE ANCTHtH 
* * * * TREE 
468 SAVEX 1 4 2 C l 2 6 7 
* * B L C C K 4 6 8 (SAVEX 1 4 ? ) RECORDS TIME WHEN TREP I S AT pLOCK 468 
^ 6 7 HOLD 59 268 5 
* * B L O C K 2 6 7 SIMULATES T I M E FOR RAISING AND P C ? I . I I C M N G T P F E IN DELIMBER 
*68 HOLD 60 269 1 FN26 
** B L C C K 26P SIMULATES TIME To OPEN G R A F F L E TC R L L E A S E TREE IN DELIMBER 
*69 MATCH 302 270 
* * B L O C K 269 HOLDS DELlMUER RECEIVER FCR GRAPFlE TC Cp E N AND PFLEASE 
*»** THE TREE 
270 MATCH 206 2 7 l 
* * B L C C K 270 HOLDS GRAPPLE PCR HELIMEER HECEIVFR TC L i F T TpEE CUT CF 
* * * * GRAPPLE TO PROVIDE CLFARANCE FOR LOWERING tiRAFFLF 
2 7 1 SPLIT 2 7 2 2 7 5 
** BLOCK 2 7 1 FCRMS 2 DUPLICATE TRANSACTIONS TC SIMULTANEOUSLY SIMULATE 
* * * * LOWERING OF GRAPPLE TC C E L I M E E P WAIT POSITION ANc FOLDING U N L E R 
* * * * CF THE GRAPPLE 
* 7 2 HOLD 6 1 2 7 2 5 
** BLOCK 2 7 2 SIMULATES THE TIME TC LOWER THE GPAFPLE TC DELIMBER WAIT 
* * * * POSITION 
2 7 3 S P L I T 2 7 6 2 7 4 
** BLOCK 2 7 2 FORMS 2 DUPLICATE TRANSACTIONS TO SIMUTANFOUSLT SIMULATE 
* * * * FOLDING TREE SUPPORT AND LOWERING OF G R A F F L E TC SLUF F C S I T I C N 
2 7 4 HOLD 6 2 2 7 7 2 
* * BLOCK 2 7 4 SIMULATES TIME FOR FOLDING TREE SIPPCRT 
2 7 5 HOLD 63 2 7 7 10 
* * B L C C K 2 7 C SIMULATES TIME Tc PCLD THE G R A P R L F UNDER 
2 7 6 HOLD 64 2 7 7 10 
* * B L O C K 2 7 6 SIMULATES TIME TC LCWEP GRAPpLE FPC,M C E L I M B E P WAIT 
* * * * POSITION TO SLUE POSITION 
2 7 7 ASSEMBLE 3 278 
* * B L C C K 2 7 7 HOLDS GRAFPLE UNTIL COMPLETION CF LOWERING CF GRAFFLE To 
* * * * SLUE PCSHlCNr FOLLING CF TREE SuFFcRT, ANU FOLDING UNHER CF 
»* *» GRApPLE 
278 MATCH 307 2 7 9 
* * B L C C K 2 7 8 HJOLGS THE LCwERlNG CF T H E D E L I M B E P H E C E I V E R L N T I ' L THE GRAPFLC 
* * * * HAS BEEN 
* * * * GRAPPLE 
2 7 9 MATCH 
LOWERED TC THE SLUE F C S I T I C N TC AVOID INTERFERENCE CF 
AND TREE 
2 8 1 469 
** BLOCK 2 7 9 HOLDS THE ORIGINAL TRANSACTION THAT SEIZED F A C I L I T Y 
A DUPLICATE TRANSACTION S I M U L A T F S A TREE BEING FRCCESSED 
THE GRAPFLE(THIS PROCEDURE IS A PROGRAMMING REQUIREMENT TC 
INSURE TlHAT THE TRANSACTION THAT SEIZED FACILITY 45 A L S C RELEASES 
* * * * 45 WHILE] 
* * * * THROUGH 
» *** 
* * * * I T ) 
4 6 9 SAVEX 14; C l 470 
201 
* • BLOCK 4 6 9 ISAVFX 1 4 3 ) RECORDS TIME WHEN TREF I S AT BLOCK 4 6 9 
470 SAVEX 135 V i 7 47l 
** BLOCK 4 7 0 ISAVEX 1 3 5 ) RECORDS ACTUAL OPERATING TIMF OF GRAPPLE 
471 SAVEX 136 Vie 472 
* » B L C C K a71 (SAVEX 128) RECCRcS TIME GRApPLE WAITS CN SHFAP ANC 
* » * * DELIMPER AVAILABILITY 
472 SAVEX 139 Vi<3 472 
* • B L C C K 472 (SAVEX 1 2 9 ) RECORDS TIME TREE IS TN CCNFRCL CF G R A F F L E 
4 7 3 PRINT 130 144 280 
** BLOCK 4 7 2 PRINTS PROCESS T I M C S OF THE GRAPPLE 
280 TERMINATE 
** B L C C K 280 TERMINATES ' H E DUPLICATE TREE TRAfSACTlON AFTFR IT HAS 
* * * * SIMULATED A TREE BE ING PROCESSED ThRCUGH THE G R A P P L F 
281 MATCH 279 282 
** B L C C K 281 HCLDS THE CPlGTNAL TRANSACTION THAT SEIZED FACILITY 4 b 
* * * * WHILE A DUPLICATE TRANSACTION SIMULATES A .1REE BEING PROCESSED 
* * * * THROUGH THE GRAPPLE 
282 RELEASE 4 5 283 
* » B L O C K 282 RELEASES FACILITY 4 5 (GRAFFLE) AFTER A T R E E TRANSACTION 
* * * * HAS BEEN PRCCESSFD THROUGH THE GRAFpLE 
^83 TERMINATE 
** B L C C K 282 TERMINATES THE ORIGINAL TRANSACTION AFTER GRAFFLE 
* * * * SIMULATION IS COMPLETE FCR THE TRANSACTION 
200 QUEUE 4 K i 3 0 1 
** B L C C K 2 0 0 GUEUE FCR TREE TRANSACTIONS A^AITTNG P R C C E S S T N G THROUGH 
* * * * THE DELIMBER 
************************************ 
*************************** 4* + + + + + + + 
* SUBPROGRAM pOP DELIMBER SIM( LAT ICN 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
201 SEI2E 7 5 480 
* » BLOCK 2 0 1 S E I Z E S F A C I L I T Y 7 5 ^FICH I S THE DFLIMPER 
480 SAVEX 150 P2 481 
** BLOCK 4 6 0 (SAVEX iso) RECORDS THE NUMBER CF THE TREE AT THE DELIMBER 
481 SAVEX 151 Cl 302 
** BLOCK 4 8 1 ISAVEX I S D RECCRDS TIME WHEN TREF I S AT RLCCK *»e'i 
302 MATCH 266 482 
** BLOCK 2 0 2 HCLDS GRAPPLE FCR HELIMEER CLEARANCE TC 
* * * * RECEIVE ANOTHER TREE 
482 SAVEX 152 Ci 202 
* » B L O C K 482 (SAVEX 152) RECCRcS TIME WHEN TREF I S AT BLOCK 48? 
203 MATCH 269 204 
* * B L O C K 2 0 2 HOLDS DEL iMbER RECEIVER FCR GRAPPLE TC Cp E N AND PELtASE 
* * * * THE TREE 
204 SAVEX 25 l < 5 205 
** B L C C K 204 SETS SAVEX - 5 T C KFEF GRAFFLE FRCw hA I S ING APCVE SLUE 
* * * * LEVEL WITH A NEW TREE VkHlLE ONE I S IN THF LELl^BEP IN A FCSlTICN 
* * * * THAT to ILL INTERFEP W T T H THE GRAFFLE RAISING T H E TRFF PAST THE 
* * * * SLUE FCSITION 
205 HOLD 76 206 5 
** BLOCK ZOS SIMULATES TIME FOR R A I S I N G THE DEI INBEP RFCETVER TC L I F T 
* * * * THE TREE CUT OF THE GRAPPLE 
206 MATCH 270 207 
** BLOCK 2 0 6 HCLDS GRAPPLE UNTIL DELIMBER RECEIVER L I F T S T»-E TREE CLEAR 
* * * * OF THE GRAPFLE 
207 MATCH 278 208 
2 0 2 
** BLOCK 307 HOLDS LCWFRING CF HELINBER RECEIVFR U N T I L GRAPFLF FAS BEEN 
* * * * LOWERED TC GIVE CLEARANCE T C LCWER THE TPFT 
208 H O L D 77 309 5 
** BLOCK JOP SIMULATES TIME FOR DELIMBER RECEIVER TC LCWER THF TREE INTO 
* * * * THE DELIMBER 
209 H O L D 78 , 210 5 
** BLOCK zoq SIMULATES TIME FCR CELIMPER TO CLOSE TREE RETAINING ARMS 
210 HOLL 79 211 40 
** B L C C K 210 SIMULATES TIME FOR DELIMBER TO DEL 1MB THE TRFF 
211 HOLD 80 483 5 
** BLOCK 311 SIMULATES TIME FOR DELIMBER TO CPFN TREE RETAINING ARMS 
««e 3 SAVEX 153 C l 312 
** BLCCK 4 8 2 (SAVEX 15?) RECORDS TIME WHtN TREF IS AT pLCCK 4P2 
212 MATCH 267 484 
* * B L O C K 312 HOLDS DELiMbER TREF DISCHARGE FCR BUCKER CLEARANCE TC 
* * * * RECEIVE A NEW TREE 
484 SAVEX 154 Cl 214 
** BLOCK 484 (SAVEX 154) RErCRcS TIME WHEN TREF IS AT PLOCK 4P4 
214 hOLC 81 215 10 
** B L C C K 314 SIMULATES TIME FOR DELIMBER TC DISCHARGE TREE WITH DELIMEER 
* * * * DISCHARGING F L I P S 
215 SAVEX 35 KiO 216 
* * B L O C K 315 SETS SAVEX 2s TC A L L C W THE GRAPPLF T O RAisE A TRFF P A S T 
»*** SLUE L E V E L SINCE THE CURRENT TREE BEING FRCCESSED THROUGH THE 
* * * * CELIMPER HAS BEEN FLIPPED OVER TC THE BUCKtR AND THFpEFCPE CAN NCT 
***** iNTtRFER WITH THE G R A F P L F RAISING A TREF ABOVE T^E SUUF LEVEL 
216 MATCH 368 217 
** BLOCK 2I6 HCLDS BUCKEH RECEIVING F L I P FCR DFLIMPER DISCHARGING F L I P 
**** TO DISCHARGE THE TREE 
217 MATCH 271 218 
** BLOCK 217 HOLDS RETURN C F DELIMBER C I S C H A R G F F L I P FOR PICKER 
* . * * RECEIVING F L I P S TC RECEIVF TREE 
218 HOLD 82 485 5 
** B L C C K 3IP SIMULATES TIME FOR DELIMBER DISCHARGE F L I P Tc RETURN 
485 SAVEX 156 C l 486 
* * B L O C K 46 c (SAVEX 156) RECORDS TIME WHEN TREF IS AT puOCK 4P C 
486 SAVEX 155 V20 487 
* * B L O C K 486 (SAVEX 155) REOCRDS ACTUAL CpERATTNt) T I M E CF CELIMPLR 
487 SAVEX 158 V21 486 
» . B L O C K 487 (SAVEX ISP) REOCRCS T I M E DELIVBER WAITS CN G P A F P L F AND 
* * * * BUCKEP A V A I U A B I L I T T 
488 SAVEX 159 V22 489 
* . B L C C K 4eP (SAVEX 15<9> REOCRDS TIME TREE IS TN CONTROL CF DEL IMbER 
4e9 FRINT 150 159 319 
* * B L C C K 48° PRINTS PROCESS TlyES CF THE CELIM»ER 
219 RELEASE 75 220 
** B L C C K 2 l 9 RELEASES F A C R T T Y 75 (DELIMBER) A F T L R A TREE TRANSACTION 
* * * * HAS bFEN PROCESSED THRCUC-H THE DELIMBER 
j 2 0 TERMINATE 
** B L C C K 320 TERMINATES THE TRANSACTION AFTER T E L I M E E R SIMULATION IS 
* * * * COMPLETE FOR THE TRANSACTION 
240 GUEUE 5 K l 241 
* * B L O C K 340 G U E U E FOR THEE TRANSACTIONS A W A I T T N C F R C C E S S I N G THROUGH THE BUCKER 
* * 
* * 
* * * * * * * * * * * * 
* * * * * * * * * * * * 
SUBPROGRAM pOH BUCKER SIMULATION 
203 
* * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * 
241 S E I Z E 95 239 
* * BLOCK 341 S E I Z E S F A C I L I T Y 9 5 WHICH I S THE BICKER 
239 S P L I T 413 242 
* * BLOCK 229 FORMS A DUPLICATE TREE TRANSACTION .10 FRcCES  THPCUGH THE 
* * * * BLCKER WHILE HOLDING THE ORIGINAL TRANSACTION T C RELEASE F A C I L I T Y 
* * * * 95 AS A REQUIREMENT C^ PROGRAMMING FROCErURE 
242 SAVE* 41 F l 342 
* * BLOCK 342 ASSIGNS SAVEX 4 1 THE DBH VALUE CF THE CURRENT TRANSACTION 
* * * * IN THE BLCKER 
243 SAVE* 42 H2 344 
* * BLOCK 343 ASSIGNS SAVEX 42 THE HEIGHT VALLE CF THE CURRENT 
* * * * TRANSACTION IN THE BUCKER 
345 244 SAVEX 43 F3 
BLOCK 344 ASSIGNS SAVEX 43 THE TREE NUMBER OF THE CURRENT 
* * * * TRANSACTION IN THE BUCKER 
P4 346 
Y LOCATION OF THE CURRENT TRANSACTION 
347 
X L C C A T I O N CF THE CURRENT TRANSACTION 
348 
245 SAVEX 44 
* * BLOCK 345 ASSIGNS SAVEX 44 THE 
* * * * IN THE BUCKER 
246 SAVEX 45 H'5 
** BLOCK 346 ASSIGNS SAVEX 45 THE 
* * * * IN THE BUCKER 
247 SAVEX 46 P6 
* * B L C C K 247 ASSIGNS S A V E X 46 THE TREE G R A D E ( P E F E C T I V E OR HARVESTABLE) **** CF ThE CURRENT TREE TRANSACTION IN THE BICKER 
i 4 8 SAVEX 47 F7 249 
* * B L C C K 248 ASSIGNS S A V E X 47 THE TERRAIN CLASS IF ICA.T j cN R F THE 
* * * * CURRENT TRANSACTION j > THE BUCKER 
349 SAVEX 48 He 350 
* * B L C C K 349 ASSIGNS S A V E X 48 THE TYPE CUT (CUFAR CR THIN) FCR THE 
* * * * CURRENT TRANSACTION IN THE BUCKER 
250 ASSIGN 2 FN3? 351 
* * BLOCK 350 SETS UP CONTROL FCR 65-eo F T . TREFS ( A S S I G N S p2 THE VALUE **** CF 10 IF TREE IS 6 5 TO 80 FT. AND 0 OTHERWISE) 
251 SAVEX 51 V7 500 
* * BLOCK 3 5 1 RECORDS A COMPARISON BETWEEN THE CURRENT BUCKFR SHEAR 
* * * * SETTING AND THE SETTING NEEDED TC P R C C E S * THE CuRREM TREE IN 
* * * * THE BUCKER 
500 SAVEX 160 F3 352 
* * BuOCK 5OO (SAVEX 160) RECORDS THE NUMBER OF THE T R E E IN THE PUCKER 
^52 ASSIGN 3 HN3"* 501 
* * B L C C K 252 ASSIGNS P2 .THE VALUE CF 10 IF A CHANGE IN B U C K E R SHEAR 
* * * * POSITION IS NEEDED FCR THTS TREE, ANC T H F VALUE OF 0 IF NC 
* * * * CHANGE IS NEEDED 
bOl SAVEX 161 C l 352 
* * BLOCK 5 0 1 (SAVEX 1 6 D RECORDS TIME WHEN TREF I S AT BUOCK 5 0 1 
253 S P L I T 354 409 
* * B L C C K 252 HELPS BLOCK 254 F C R M C L P L I C A T E TPA.NSACTICKS **** TC SIMULTANEOUSLY SIMULATE SHEAR POSITIONING A N C F L I P RETURN 
* * * * CN FORWARD AND REAR F L I P S 
254 S P L I T 255 410 
* * B L C C K 254 HELPS BLCcK 253 FCRM DUPLICATE TRANSACTIcNS **** TC SIMULTANEOUSLY SIMULATE SHEAR POSITIONING ANc F L I F RETURN ON 
* * * * FORWARD AND REAR F L I P S 
255 S P L I T 264 266 
* * BLCCK 255 FCRMS A DUPLICATE TRANSACTION TO S I M - L L A . T E SETTING SHEARS 
20h 
» * * * F O R EXPANSION SIMULTANEOUSLY WITH POSITIONING PEAR SHEAR ANC 
* * * * RETURNING FORWARD AND REAR F L I P S 
256 HOLD 96 FN 35 
* * BLOCK 256 ROUTE TRANSACTION TC BLOCK 257 TO RtTURK RUCKEP RECEIVING 
* * * * F L I P IF THE TREES CURRENTLY BEING PROCESSED ARE 6 5 TC PO FT 
* * * * LONG' Tc BLOCK 358 TO RETURN BUCKER DISCHARGING F L I P I F TREES THAT 
* * * * ARE BEING PROCESSED ARE NOT 65 TC 8fj FT I C,NG 
2 5 7 HOLD 97 365 10 
** B L O C K 257 SIMULATES TIME FOR RETURN CF BUCKFR RECEIVING F L I P 
258 HOLD 98 365 10 
** B L O C K 25P SIMULATES TIME FOP RETURN CF BUCKFR DISCHARGING F L I P » 
* * * * EXCLUDES REAR ASSEMBLY IF LAST TREE WAS 6 5 TC 80 FT L C N G 
259 HOLD 99 FN 36 
** B L O C K 3 5 9 ROUTE TRANSACTION TO BLOCK 3 b 0 TO R C T U R N BUCKFP DISCHARGING 
* * * * F L I P AND ROTATE DISCHARGE F L I P ASSEMBLY PC.WN IF TREE I S 6 5 TC 80 
* * * * F T . OR TO BLOCK 362 TC ROTATE DISCHARGE F L I P ASSEMBLY Up IF THIS 
* * * * TREE I S NOT 65 TO 80 F T . LCNG 
260 HOLD 100 361 10 
** BLOCK 360 SIMULATES TIME FOR RETURN CF BUCKFP DISCHARGING F L I P 
261 H C L C 101 365 20 
* * Bi_OCK 3^1 SIMULATES TlVE FOR ROTATING BUCKEP DISCHARGING F L I F 
* * * * ASSEMBLY DOwN 
262 HOLD 102 365 20 
** BLOCK 362 SIMULATES TIME FOR ROTATING BUCKER DISCHARGING F L I F 
* * * * ASSEMBLY UP 
262 HCLC 102 365 30 
** BLOCK 362 SIMULATES TIME TO ROTATE PEAR SHEAR UP CR DOWN 
264 HOLD 10H 265 10 
** BLOCK 36** SIMULATES TIME TC RETURN BUCKER FORWARD DISCHARGING F L I P S 
265 ASSEMBLE 2 502 
* * BLOCK 365 HOLDS TRANSACTIONS FOR COMPLETION CH REAR SHEAR POSITIONING 
* * * * AND F L I P RETURN OF FOPWARH AND REAR F L I P S 
502 SAVEX 162 C l 367 
** BLOCK 502 <SAVEX i 62> RECORDS TIME WHEN TREF I S AT BLOCK 5 0 2 
266 HOLD 105 370 5 
** BLOCK 366 SIMULATES TIME FOR POSITIONING BUCKER SHEARS TC ALLOW 
* * * * FOR EXPANSION DURING SHEARING ACTION 
267 MATCH 212 502 
** B L O C K 367 HCLDS DELIMBER TREE DISCHARGE FOR BUCKER CLEARANCE T C 
* * * * RECEIVE A NEW TREE 
503 SAVEX 163 C l 368 
** B L C C K 503 (SAVEX 162) RECORDS TIME WHEN TREF I S AT BLOCK 502 
268 MATCH 316 369 
** B L C C K 368 HCLDS BUCKER RECEIVING F L I P FOR DFL1MBER DISCHARG INvs F L I P 
* * * * TC DISCHARGE THE TKEE 
269 HOLD 112 370 15 
* * B L C C K 369 SIMULATES TIME FOR BUCKER RECEIVING F L I P TC F L I F THE 
* * * * TREE I M O THE BUCKER 
270 ASSEMBLE 2 271 
* * BLOCK 370 is AN ASSEMBLE BLOCK THAT REGUIRES COMPLETION CF REAR 
* * * * SHEAR SET t RETURN AND POSITION OF F L I P S , BUCKER RECFlPT CF 
* * * * TREE BEFORE CONTINUED BUCKER ACTION I S ALLOW Tc COMMENCE 
271 MATCH 217 372 
** BLOCK 371 HOLDS RETURN OF DELIMBER DISCHARGF F L I P FOR PUCKEP RECEIVING 
* * * * F L I P S TO RECEIVE TREE 
272 HOLD 106 406 1 FN 2 P 
* * BLOCK 372 SIMULATES TIME FOR BUCKER SHEARS T C CUT THF TREE INTO 
205 
* * * * THE DESIRED LENGTHS 
3 7 3 S P L I T 37*4 2 7 5 
* . BLOCK 3 7 2 FORMS A DUPLICATE TRANSACTION TC SIMULTANEOUSLY SIMULATE 
* * * * OPENING CF THE SHEAR AND RETURN CF THE BICKER RECEIVING F L I P 
2 7 4 HOLD 1 0 7 376 10 
* * BLOCK 374 SIMULATES TIME TO OPEN BUCKER SHEARS 
2 7 5 HOLD 1 0 8 3 7 6 10 
* * BLOCK 375 SIMULATES TIME TO RETURN PUCKER RFc . t iv i .K6 . F L I P S 
2 7 6 ASSEMPLE 2 504 
* * BLOCK 3 7 6 HOLDS BUCKER PROCESSING SEGUENCE L 'MIL SHEARS HAVE 
* * * * OPENED AND RECEIVING F L I P S RETLRNEC 
504 SAVEX 1 6 4 C l 2 7 7 
* » BLOCK 504 <SAVEX i 6 4 > RECORDS TIME WHEN TREF I S AT BLOCK 504 
2 7 7 COMPARE X180 L K5 5 0 5 
* * BLOCK 3 7 7 HOLDS BUCKER PROGRESS UNTIL CONVEYER I S READY TC RECEIVE 
TREE 
5 0 5 SAVEX 1 6 6 C l 378 
* * BLOCK 5 0 5 <SAVEX 1 6 6 ) RECORDS TIME WHEN TREF I S AT BLOCK 5 0 5 
2 7 8 S P L I T 380 4 1 1 
* * B L C C K 378 FORMS A DUPLICATE TRANSACTION TC C I .MULT A N E O U S L Y SIMULATE 
* * * * FORWARD AND REAR B C L T S CF TREE BEING FLIPPED C L T OF PLCKFP 
2 7 9 HOLD 1 0 9 382 10 
* * B L O C K 3 7 9 SIMULATES TIME FOR F L I P P I N G REAR TREE B C L T OUT O F P U C K E R 
* * * * INTO CONVEYER 
280 HCLD 110 382 10 
* * BLOCK 380 SIMULATES TIME FCP F L I P P I N G FRONT TREE BCLTS OUT CF 
* * * * BUCKER INTO CONVEYER 
2 8 1 HOLD 111 284 10 
* * BLOCK 381 SIMULATES TIME FOR F L I P P I N G REAR TREE BOLT ANF TOP CUT CF 
* * * * BUCKER C M O THE G R C U N H IF TREE I S 65 TO 80 F T . LONG 
282 ASSEMPLE 2 382 
* * B L C C K 3 8 2 HOLDS B U C K E R PROGRESS UNTIL FORWAPC AND REAR TREE R C L T S 
* * * * HAVE BEEN FLIPPED C L T CF PUCKER 
2e3 SAVEX 50 ^2 404 
* » B L O C K 3 8 3 RECORDS BUCKER REAR SHEAR F C S I T I C N FOR CURRENT TREE 
* * * * IN CRCER TO DETERMINE IF A CHANGE I N REAP SHEAR P O S I T I O N I S 
*»** NECESSARY TC PREPARE R UCKER FCR NEXT TREF 
284 ADVANCE FN 4 5 
* » B L O C K 384 ROUTES TRANSACTION TC ELCCK 2 8 5 IF CURRENT BUCKER TREE 
* * * * I S 65 To 80 FT To RECORD * AND Y POSITIONS CF TREE TOP WHEN IT 
*»** I S FLIPPED CUT OF CUCKER ONTO THE GROUND CR T.C BLOCK 2 e 2 IF T R E L 
*»** I S NOT 6 5 TC 80 FT TC RELEASE THE ASSEMBLE B L C C K 
285 S A V E * 84 v i 5 3 e 6 
* » B L C C K 3&5 ASSIGNS S A V E X "4 T H E Y LOCATION WHERE THg UPPER BOLT AND 
* * * * TOP CF THE CURRENT TRANSACTION IN THE BUCKtR W A c DROPPED TC THE 
* * * * GROUND 
286 SAVEX 85 K65 282 
* * BLOCK 386 ASSIGNS SAVEX «S THE X LOCATION WHERE THE UPPER BCLT AND 
*»** TCP OF THE CURRENT TRANSACTION IN THE BUCKER V k A c DRCFFED TC THE 
* * * * GROUND 
298 ASSIGN 1 X 4 1 3 9 9 
* * B L O C K 298 REASSIGNS DBH TC PARAMETER l FROM SAVEX 4 1 WHEPE IT WAS 
* * * * ORIGINALLY STORED WHILE THE CURRENT TRANSACTION WAS BEING 
* * * * PROCESSED I N B U C k E R 
2 9 9 ASSIGN 2 X42 400 
* * B L O C K 3 9 9 REASSIGNS HEIGHT TO PARAMETER 2 FPC.M SAVEX 42 WHERE IT WAS 
* * * * ORIGINALLY STORED *HILE THE CURRENT TRANSACTION WAS pETNG 
206 
* * * * PROCESSED IN BICKER 
400 ASSIGN 3 X42 4 0 1 
* * B L C C K 400 REASSIGNS TREE NUMBER TC F A R A M E T E P 3 FRCy SAVEX 42 WHERE IT 
* * * * WAS ORIGINALLY STORED WHILE THE CURRENT TRANSACTION WAS BEING 
* * * * PROCESSED I N B L C K E H 
4 0 1 ASSIGN 6 X46 402 
* » BLOCK 401 REASSIGNS GHADF TO PARAMETER 6 FROM SAVEX 46 WHERE IT WAS 
* * * * ORIGINALLY STORED WHILE THE CURRENT TRANSACTION WAS PEING 
* * * * PROCESSED IN BLCKEH 
402 ASSIGN 7 X47 403 
* * B L O C K 4O? REASSIGNS TERRAIN C L A S S I F I C A T I O N TC PARAMETER 7 FROM SAVEX 
* * * * 47 WHERE IT WAS ORIGINALLY STCREC WHILE THE CURRENT TRANSACTION 
* . * * WAS BEING PROCESSED IN BUCKER 
403 ASSIGN 8 *48 4 1 4 
* * B L O C K 402 REASSIGNS TYpE CUT Tc PARAMETER 8 FROM S A V E X 48 WHERE IT 
* * * * WAS ORIGINALLY STORED WHILE THE CURRENT TRANSACT ICN wAS BEING 
* * * * PROCESSED I N BUCKEH 
404 MATCH 4 1 2 4 1 ? 
* * BLOCK 404 HOLDS THE OHIGTNAL TRANSACTION THAT SEIZED F A C I L I T Y 
* * * * 9 5 WHILE A DUPLICATE TRANSACTION S I M U L A T F S A TREE BEING FRCCESSED 
*»** THROUGH THE EUCKERITHIS PROCEDURE I S A P P O G R A M M I N G REQUIREMENT TC 
* . * * INSURE THAT THE TRANSACTION THAT SEIZED F A C I L I T Y 95 ALSO RELEASES . 
* * * * I T ) 
406 A D V A N C E F N 44 
* * B L O C K nOt RCUTES TRANSACTION TC ELCCK 407 IF TREE I S LCfvGEP ThAN 80 
* * * * F T . TC RECORD THE * AND Y F C S I T I C N CF THF TOPS AS THEY ARF 
* * * * CRCFPFC TO THE G R C U N C FRC^ THE B U C K E R CR TC RLCcK 3 7 2 IF TREE I S 
* * * * LESS THAN 80 FT TC AVOID BLCCK 407 
407 SAVEX 84 Vl4 408 
* * B L G C K 407 ASSIGNS SAVEx 84 THE Y LOCATION WHERE THE TOP FCRTICN OF 
* * * * THE CURRENT TRANSACTION IN THE B U C K E R W A C CROPPED Tc THE GROUND 
408 S A V E X 85 K80 273 
* * B L O C K 4O8 ASSIGNS S A V E X *5 THE X LCCA.TJ.CN WHERE THE TOF FCRTICN OF 
* * * * THE CURRENT TRANSACTION IN THE BUCK£R wAS CROFPED TC THE GRCUNC 
409 ADVANCE FN 34 
* * B L C C K 409 ROUTES TRANSACTION Tc ELOCK 3 5 6 TO SIMULATE RETURN CF 
* * * * BUCKER F L I P IF THERE TS NO CHANGE IN BUCKER OR TO BLOCK 259 TC 
* * * * SIMULATE RETURN AND POSITION CF BUCKER FLIH IF THERE I S A CHANGE 
* * * * REQUIRED IN BUCKER SETTING TO PROCESS THTS TREE 
4 1 0 ADVANCE FN 27 
* * B L O C K 4 1 0 ROUTES TRANSACTION To ELOCK 265 TO WAIT A T ASSEMBLE 
* * * * BLOCK IF NO CHANGE I S NEEDED IN B U C K E R RFAR S H E A R OR TC BLOCK 
* * * * 3 6 3 IF THERE I S A CHANGE NEEDED IN REAR *HEAP P C S I T I C N FOR 
* * * * THIS TREE 
4 1 1 ADVANCE FN 39 
* * B L O C K 4 1 1 ROUTES TRANSACTION TC BLCCK 279 IF CURRENT BUCKER THEE 
* * * * I S N C T 6 5 TC 80 F T . LONG TC SIMULATE FLIPI.NG P E A R BOLTS C U T CF 
* * * * BUCKER TO CONVEYER OP TO BLOCK 2 8 1 IF CURRENT BUCKER TREE I S 6 5 TO 
* * * * 80 F T . LONG TO SIMULATE UPPER BCLT AND T O F BEING FLIPPED C U T CF 
*»** BUCKER TC THE GROUND 
4 1 2 TERMINATE 
* * BLOCK 412 TERMINATES T H E DUPLICATE TREE TRANSACTION AFTER IT HAS 
* * * * SIMULATED A TREE BEING PROCESSED THROUGH THE BU C KER 
4 1 3 MATCH 404 398 
* * BLOCK 412 HOLDS THE ORIGINAL TRANSACTION THAT SEIZED F A C I L I T Y 
* . * * 9 5 WHILE A DUPLICATE TRANSACTION S I M U L A T F S A T P E E BEING PROCESSED 
* . * * THROUGH THE BUCKER 
4 1 4 ASSIGN 4 >84 415 
** Block q i 4 assigns parameter 4 cf the transaction Currently in the 
».** BOCKEP THE y LOCATION WHÊE THE TCP P C r T T Q I N OF THE TREE WAS 
**** DROPPEC TO THE GRCUnd 
4 1 5 ASSIGN 5 * 8 5 5 ° 6 
** BLCCK q l 5 ASSIGNS PARAMETER =5 CF THE TRANSACTION CURRENTLY IN THE 
**** BUCKEP THE x L C C A T i C N WHERE THE TCF PCRTTC.N CF THE TREE WAS 
* * * * D R O P P E D TO THE GROUnC 
5 0 6 SAVE* 167 C l 5 0 7 
* * B L C C K 5 0 6 (SAVEX 1 6 7 ) RECORDS TIME WHEfs TREF IS AT pLOCK 506 
b 0 7 SAVE* 165 V22 509 
* * B L C C K 5 0 7 ( S A V E X 1 6 5 ) RECORDS ACTUAL O f E R a T T N G T I M p CF PUCKER 
5 0 9 SAVEX 168 V24. 510 
** Block 509 (savex i 6 p ) records time bucker waits cn delimber and 
**** CONVEYER 
510 SAVEX 169 V25 5 1 1 
* * B l C C K 510 (SAVEX 1 6 9 ) RECORDS TIME TREE IS TN CCNTPCL CF °LCKER 5 1 1 PRINT 160 1&9 4 1 6 
** Block 511 prints process ti^fs cf the buckef 
4 1 6 RELEASE 95 425 
* * B l C C K m16 RELEASES F A C i l T T Y 95 (BUCKER) AFTFR A T R E E Tp/\NACTION 
**** HAS BEEN PROCESSED THROUGH THE B U C K e R 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* SUBPROGRAM F p R CCNVEYER SIMULATION 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
4 2 5 SEIZE 120 424 
* * B l C C K m25 SEIZES FACILITY 120 WHICH IS THE CONVEYER 
4 2 4 SPLIT 449 5 2 2 
* * B l C C K 4 2 4 FORMS A DUPLICATE TREE TRANSACTION T C PRCCESS THROUGH THE 
**** CONVEYER WHILE HCLCING THF ORIGINAL T R a N C A C T I C N T O RELEASE 
**** FACILITY 120 AS A REQUIREMENT CF F R c G R a M M I N G FRCCEDUPE 
5 2 2 SAVEX 180 M O 5 2 5 
* » Block 522 sets savex iso to 10 tc indicate conveyer is being used 
5 2 5 SAVEX 170 F? 5 2 6 
* » Block 525 (savex i7oj records the number cf the tree in the conveyer 
5 2 6 S A V E X 1 7 1 C l 4 2 6 
* * B L O C K 5 2 6 (SAVEX 1 7 1 ) RECORDS TIME WHEn T r E ^ I S AT RLCCK 5 2 6 
4 2 6 SPLIT 4 2 7 4 3 2 
* * B L C C K 4 2 6 FCRMS A DUPLICATE TRANSACTION TC SIMULATE THF SECOND 
**** BOLT O F THE TREE BE INC- FRCCESSED THROUGH THE CCnveYER 
4 2 7 S F L I T 428 4 2 9 
* » B L C C K 4 2 7 FCRMS A DUPLICATE TRANSACTION TC c I , M U L A T e THE THIRD 
* * * * B O L T OF THE TREE BEinp PROCESSED THROUGH THE C C n V E Y E R 
4 2 8 HOLD 1 2 1 429 2 
* * B L C C K 428 SIMULATES TIME To CCNVEY ThE FIPS.T B C L t BACK TO THE 
**** CCNVEYER STOP 
429 HCLC 122 4 3 0 5 
*» BLOCK 4 2 9 simulates time tc stcf the first P O l T in the conveyer 
4 3 0 HOLD 122 4 2 1 10 
** block 430 simulates time tc cfen the ccnveyfr side gate fcr the 
**** first bclt 
4 2 1 HOLD 124 4 3 2 5 
** block 431 simulates time for the first bolt tc fal l cut cf the 
**** ccnveyer 
4 2 2 HOLD 125 4 4 5 10 
208 
* * BLOCK 432 SIMULATES TIME TC CLCSE THE CONVEYER S I C E GATE AFTEH 
* * * * THE F I R S T BOLT HAS C L F A R E D THE CONVEYER 
4 3 3 HOLD 1 2 6 4 3 4 1 7 
* * BLOCK 4 3 3 DELAY ON CONVEYING SECCNO BOLT IN ORDER TO GIVE THF 
* * * * F I R S T BOLT TIME TO C L C A R THE CONVEYER 
4 3 4 HOLD 1 2 7 4 3 5 2 5 
* * BLOCK 4 3 4 SIMULATES TIME TC CCNVEY THE SECOND BCLT BACK TO THE 
* * * * CONVEYER STCP 
4 2 5 HOLD 1 2 8 426 5 
* * BLOCK 4 3 5 SIMULATES TIME TC STCP THE SECOND BOLT IN THF CCNVEYER 
4 3 6 HCLC 1 2 9 437 10 
BLOCK 4 3 6 SIMULATES TIME TO CFEN THE CCNVEYFR S I C E GATE FOR THE 
* * * * SECOND BOLT 
4 2 7 HOLD 1 3 0 438 
* * BLOCK 4 3 7 SIMULATES TIME FOR THE SECOND BCLT .TC F A L L OUT CF THE 
* * * * CONVEYER 
438 HOLD 1 3 1 4 4 5 10 
* * BLOCK 438 SIMULATES TIME TC CLCSE THE CONVEYER SIDE GATE AFTER 
* * * * THE SECOND BOLT HAS CLEARFD THE C.CNvEYER 
4 3 9 HOLD 1 3 2 440 22 
* * BLOCK 4 3 9 DELAYS CONVEYING THIRD BOLT IN ORDER TC GIVF THE 
* * * * F I R S T AND SECOND B C L T S TIME TC CLEAR THE CONVEYER 
440 HOLD 1 3 3 4 4 1 50 
* * BLOCK 440 SIMULATES TIME TC CONVEY THE THiRr BCLT BACK TC THE 
* * * * CONVEYER STCP 
4 4 2 5 4 4 1 HOLD 1 3 4 
* * BLOCK 441 SIMULATES TIME TC STCP THE THIRD FCLT IN THE CONVEYER 
4 4 2 HOLD 1 3 5 443 10 
BuOCK 4 4 2 SIMULATES TIME JO OPEN THE CCNVEYFR S I C E GATE FOR THE 
* * * * THIRD BOLT 
4 4 3 HOLO 1 3 6 444 5 
* * BLOCK 443 SIMULATES TIME FOR THE THIRD BOLT TO FALL OUT CF THE 
* * * * CONVEYER 
444 HOLD 1 3 7 4 4 5 10 
BLOCK 444 SIMULATES TIME TO OLCSE THE CONVEYER SIDE GATE AFTER 
* * * * THE THIRD BOLT H A S CLEARED THE CONVEYER 
4 4 5 ASSEMBLE 3 5 3 1 
* * BLOCK 445 HOLDS CONVENER UNTIL ALL BOLT TRANSACTIONS HAVE COMPLETED 
* * * * THEIR SIMULATIONS 
5 3 1 SAVEX 1 8 0 Ko 446 
* * BLOCK 531 SETS SAVEX lao Jo 0 TO CLEAR CCNVFYER F C R NEK TRFE 
446 HOLD 1 3 8 4 4 7 10 
* * BLOCK 446 SIMULATES TIME TO ROTATE CONVEYER TC OTHER S I C E 
4 4 7 MATCH 4 4 9 5 2 7 
* * BLOCK 447 HOLDS THE ORIGINAL TRANSACTION THAT SEIZED F A C I L I T Y 
* * * * 1 2 0 WHILE A DUPLICATE TRANSACTION SIMULATES A TREE EEING PROCESSED 
* * * * THROUGH THE CONVEYER(THIS FRCCECURE I S A PROGRAMMING REGUIREMENT 
* * * * TO INSURE THAT THE TRANSACTION THAT S E I Z F D F A C I L I T Y J20 ALSO 
* * * * RELEASES I T ) 
5 2 8 5 2 7 SAVEX 1 7 2 C l 
* * BLOCK 527 (SAVEX 172) RECORDS TIME TREE I S AT BLOCK 527 
5 2 8 SAVEX 
* * BLOCK 528 
5 2 9 SAVEX 
1 7 5 V26 5 2 9 
( S A V E X 1 7 5 ) R E C C R O S A C T U A L C R E R A T T N G T I M E CF cCNVEYER 
1 7 9 V26 5 3 0 
* * BLOCK 529 {SAVEX 179) RECORDS TIME TREE I S TN CCNTROL OF CONVEYER 
5 3 0 PRINT 1 7 0 1 7 9 448 
* * BLOCK 530 PRINTS PROCESS TIMES OF CCNVEYER 
*<«48 T E R M I N A T E 
*» BLCCK 4 * * P T E R M I N A T E S ' H E CUPI.ICATE TREE TRAtSACTIC K & F 7 E R IT hAS 
* * * * S I M U L A T E D A T R E E BEJ.N6 PROCESSED T H R O U G H ThE CCKVEYFP 
4 4 9 M A T C H 4 4 7 4 5 0 
* * B L O C K 4 4 9 H C L O S T H E C H I G T N A L T R A N S A C T I O N T H A T S E I Z E D F A C I L I T Y 
* * * * 1 2 0 W H I L E A D U P L I C A T E T R A N S A C T I O N S I M U L A T E ^ A T R E E P E I N G 
* » * * P R O C E S S E D T H R O U G H T H E C O N V E Y E R 
4 5 0 R E L E A S E 1 2 0 4 5 1 
** B L O C K 4 5 0 R E L E A S E S F A C I L I T Y 120 < C C N V E Y E R > A F T E R A T R E E T R A N S A C T I O N 
* * * * P R O C E S S E S T H R O U G H T H E C O N V E Y E R 
4 5 1 T E R M I N A T E 
* * B L O C K 4 5 1 T E R M I N A T E S T R E F T R A N S A C T I O N S A F T E P . T H E Y H A V E B F F N 
* * * * P R O C E S S E D T H R O U G H J H E S I M U L A T I O N P R O G R A M 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* S U B P R O G R A M FOR P R O G R A M T E R M I N A T I O N 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
4 5 2 G E N E R A T E 1 H 4 5 3 
* * BLOCK 4 5 2 G E N E R A T E S T R A N S A C T I O N T C TERMINATF S I M U L A T I O N 
4 5 3 C O M P A R E N 7 6 fc «105 4 5 4 
* * B L O C K 4 5 3 H O L D S P R O G R A M T E R M I N A T I O N T R A N S A C T I O N L N T I L L 1 0 5 T R E E 
* * * * T R A N S A C T I O N S H A V E BEEN P R O C E S S E D T H R O U G H ThE S l y i L A T l C N 
4 5 4 A D V A N C E 4 5 5 1 8 0 0 
** B L O C K 4 5 4 H O L D S P R O G R A M T E R M I N A T I N G T R A N S A C T I O N U N T I L T R E E 
* * * * T R A N S A C T I O N N U M B E R 1 0 5 H A S H A D T I M E T C P R O C E S S T H R O U G H T H E 
* * * * S I M U L A T I O N P R O G R A M 
4 5 5 T E R M I N A T E R 
** B L O C K 4 8 3 T E R M I N A T E S J H E C O M P L E T E S I M U L A T I O N H R O G R A M 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* E N D O F S I M U L A T I O N P R O G R A M 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * START 1 
N R . . . . . 0.VALUE 
100 1 101 1 0 102 55 103 5b 1U'4 139 
105 129 1 06 0 107 n ice 0 1 u9 129 
110 1 111 1 0 U2 5 5 113 i l ? 1 XH 119 
115 l3fc 116 16 4 117 164 l i e ^9 1x9 les 
1 2 0 is 1 121 0 1 2 ? IPS 123 195 1^4 0 
130 1 131 1 0 uz 1 f)c 133 127 1-H 16M 
135 13b LEFC 1^7 l P f 13d i3fc 1-9 22H 
14U 201 141 0 1H2 201 143 <!34 I14 G 
log 2 101 1 3 9 102 1 1U3 195 1^1 279 
1 0 5 129 106 0 107 0 loe 11 loS 140 
NN VALlE 
1 0 0 •» 101 2 7 < 3 102 27c 1U3 1 us 279 
105 fl 1 06 1 107 n lOt! 0 1 ^ u 
SAV tX NM. . • , . . . . VALLE K R . . . , . . . .VALLF 
150 1 1 5 1 10 15 2 201 15 3 1-4 285 
155 I I P 156 319 l b 7 C 158 1 5 1 1 - 5 305 
SAVtX 
110 2 111 1 5 5 112 195 112 <:55 114 255 
115 136 116 304 117 204 l i e 4 1±5 140 
120 321 : 121 0 1*2 325 123 w J C U 4 U 
SAVtX 
l l u 3 111 325 112 335 113 2 •» c 114 225 
115 n 1 16 335 117 3 3 C U 8 0 U 5 0 
120 335 121 0 122 325 123 2 J c U 4 0 
SAVtX 
160 1 161 10 162 20 163 2fc5 1C4 342 
165 72 166 342 167 352 168 2fc«s l c 5 2 4 * 
SAVtX 
130 2 131 224 132 245 132 2 6 8 1-4 304 
135 90 136 327 137 327 128 51 1-5 141 
1H0 242 141 0 142 242 142 275 144 0 
SAV£X 
150 2 151 319 152 342 153 420 1-4 420 
155 l i e 156 460 l b 7 0 158 23 1 - 5 141 
SA v'£X 
100 4 101 279 102 224 103 235 104 4 6 1 
105 171 1 06 0 107 0 108 11 l u 5 182 
SAVtX 
170 1 171 352 172 474 172 0 1/4 u 
175 122 176 0 0 178 0 1/5 122 
SAVtX 
160 2 161 352 lfc2 362 163 420 1C4 462 
165 73 166 4 8 3 167 4 9* 168 68 l o 5 141 
SAVcX 
110 4 111 325 112 335 112 4 4 1 1A4 4 4 1 
115 i7e 116 4fi6 117 486 u a 4 1x5 182 
12U 5 0 3 121 0 122 F07 123 bj.7 U 4 0 
SAVtX 
130 4 131 375 122 4 2 1 123 4 4 5 1-4 486 
135 86 136 508 137 5oe 128 c * 1~"» 1 8 1 
140 5 2 3 141 0 142 522 142 b56 144 U 
SAVtX 
l O u 5 101 102 506 102= 517 1>J4 6C2 
105 131 1 06 0 107 0 108 11 l u 5 142 
SAVtX 
170 2 171 4<g2 172 6 15 172 0 1/4 0 
175 122 176 0 177 0 178 0 1.1 ̂  1 2 * 
S A V t X n r . = . . v a l u e 
1 5 0 4 
1 5 5 H P 
S A V t X NR VALLE 
1 1 0 5 
1 1 5 1 3 8 
1 2 0 6 4 5 
S A V t X NR VALUE 
1 6 0 4 
1 6 5 7 3 
S A V t X NR VALUE 
1 3 0 5 
1 3 5 5 0 
1 4 0 6 6 6 
S A V t X NR VALLE 
1 0 0 6 
1 0 5 1 2 0 
S A V t X NR VALUE 
1 5 0 5 
1 5 5 l i e 
S A V t X NR VALUE 
1 7 0 14 
1 7 5 1 2 2 
S A V t X NR VALUE 
1 1 0 6 
1 1 5 1 4 0 
1 2 0 7 9 g 
S A V t X NR VALUE 
1 6 0 5 
1 6 5 7 2 
S A V t X NR VALUF 
1 0 0 7 
1 0 5 1 3 0 
S A V t X NR VALUE 
1 7 0 5 
1 7 5 1 2 2 
S A V U X NR VALUE 
1 1 0 7 
1 1 5 1 3 7 
1 2 0 9 2 6 
SAV,_X NR VALLE 
1 3 U 7 
1 3 5 9 4 
1 4 0 . 9 4 9 
NR VALLE 
1 5 1 4 e 0 
1 5 6 6 4 1 
NR , . . V A L L E 
U l 5 i 7 
1 1 6 6 2 S 
1 2 1 0 
NR VALLE 
1 6 1 4 9 3 
1 6 6 6 f c 4 
NR VALLE 
1 3 1 5 5 6 
1 3 6 6 5 1 
1 4 1 0 
NR VALUE 
1 0 1 6 o 3 
1 0 6 U l l 
NR VALLE 
1 5 1 6 4 I 
1 5 6 7 f i 4 
NR VALUE 
1 7 1 6 7 4 
1 7 6 0 
NR VALLE 
U l 6 5 9 
1 1 6 7 g 9 
1 2 1 U l l 
NR VALLE 
1 6 1 6 7 4 
1 6 6 8 0 7 
NR VALLE 
1 0 1 7 4 4 
1 0 6 0 
NR VALLE 
1 7 1 6 l 7 
1 7 6 0 
NR VALLE 
1 1 1 7 9 9 
1 1 6 5 0 9 
1 2 1 0 
NR VALLE 
1 3 1 7 4 4 
1 3 6 9 2 4 
1 4 1 0 
N R . • • VALUE 
1 5 2 c j i i 
1 5 7 0 
N R . • • . . . . . V ^ L L T 
U 2 5 1 7 
1 1 7 6 2 8 
1 2 2 6 4 9 
N R . . . . . . . . V A L U E 
1 6 2 5 0 2 
1 6 7 6 7 4 
N R . VALUE 
1 3 2 5 7 2 
1 3 7 6 5 1 
1 * 2 6 6 6 
NP VALUF 
1 0 2 6 3 R 
1 0 7 0 
N R . . . VALUE 
1 5 2 6 6 6 
1 5 7 n 
NR VALUE 
1 . 7 2 7 9 6 \n 0 
NR VALUE 
1 1 2 6 5 9 
1 1 7 7 9 c 
] 2 2 7 0 0 
N R . • • VALUF 
1 6 2 6 f l 4 
l t > 7 P 1 7 
N R . . . VALUF 
1 0 2 7 8 9 
1 0 7 C 
NR .VALUE 
1 7 2 93<3 
1 7 7 0 
NR VALUE 
1 1 2 7 9 9 
1 1 7 9 0 9 
1 2 2 9 2 0 
N R . . . VALUF 
1 2 2 7 4 4 
1 3 7 c j u 
1 4 2 9 4 c 
l\R VALUE 
1 5 2 e l l 
i s e t 2 
KR V A L L t 
1 1 3 5 6 3 
h e 4 
1 2 3 t 5 9 
NR . . V A L U E 
1 6 2 e l l 
i c e i c e 
IsR VALLE 
1 3 2 5 5 2 
1 2 8 5 2 
1 4 2 b 5 9 
NR VALUE 
1 0 2 6 5 9 
1 0 8 2 1 
NR V A l L E 
1 5 2 7 5 4 
1 5 8 2 5 
NR VALLE 
1 7 3 0 
1 7 8 0 
NR VALLE 
1 1 3 7 2 4 
l i e 0 
1 2 2 7 5 9 
NR V A l L E 
1 6 2 7 5 4 
1 6 6 7 0 
NR VALUE 
1 0 2 7 5 9 
1 0 8 1 0 
N R . . .VALUE 
1 7 2 0 
1 7 8 0 
NR VALLE 
1 1 2 8 6 4 
1 1 8 4 
1 2 3 5 4 0 
NR VALUE 
1 3 3 7 6 5 
1 2 6 1 4 4 
1 4 2 5 6 2 
. . . . . . . . V A L L t 
L-4 6 1 1 
L - « j 1 8 i 
, ' * R . . . . . . . . VALUt 
1*4 5 8 2 
L*5 1 4 2 
Lc4 0 
,I*k .VALUE 
:um 6 6 4 
Lc5 1 6 1 
VALUc 
L-4 6 2 8 
L - 5 1 4 2 
L44 0 
, I*k . . V A L L E 
L 0 4 74>4. 
Lu5 1 4 1 
,I>k VALUE 
L - 4 7 5 4 
L - 5 1 4 2 
VALLE 
L ' 4 0 
, / 5 1 2 2 
,nR VALUE 
L*4 7 2 4 
L*5 1 4 0 
1 * 4 u 
VALLE 
Lu4 8 0 7 
Lc5 1 4 2 
i>* V A L U t 
Lo4 8 8 4 
Lo5 1 4 U 
VALUE 
L I 4 U 
L.'5 1 2 2 
VALLE 
L*4 8 6 4 
L*5 1 4 1 
U 4 u 
,i»n V A L L t 
L-4 9 0 9 
L - 5 2 2 6 
L44 0 
S A V t x NR , , V A L l F N H . . . . 
ion P 101 1 02 929 1 0 2 i ; 4 G lo4 102-a 
10b 130 106 0 107 C 108 1 1 1*5 141 
150 7 151 7e4 lb2 949 152 1027 1 -4 102? 
155 u e 156 10fc7 107 f! 158 165 l - > 3 282 
S A V t X 
110 e 1 1 1 540 112 940 113 1005 1*4 1005 
115 137 116 I O 5 O 117 1050 U d 4 1x5 141 
120 1067 121 0 122 1071 122 I 0 6 I 1*4 u 
S A V t X 
160 7 161 8l7 162 827 163 lu27 l t 4 109u 
165 73 166 1090 lb7 n o r I6e 210 lc5 282 
S A V t X 
130 8 131 9a2 102 99 c 132 1015 1 - 4 105u 
135 92 126 1 0 7 4 137 1074 128 48 1 -5 140 
140 1089 141 0 142 ioe9 142 1122 144 0 
S A V C X 
100 9 101 1025 102 1070 103 l u e i 1*4 1162 
105 127 106 0 107 0 lue 1 1 lu5 138 
S A V t X 
150 e 151 10f,7 152 1 nan 152 1177 1 - 4 1177 
155 l i e 156 1207 157 0 158 22 la5 140 
S A V t X 
110 9 1 1 1 i o e i U 2 i o e i 113 1143 1 * 4 1142 
115 134 116 n e e 117 n e e 118 4 1x5 128 
120 1205 121 0 122 1209 123 1215 1 * 4 0 
S A V t X 
170 7 171 Hoo 1222 172 0 1/4 u 
175 122 176 0 177 0 178 0 122 
S A V t X 
160 e 161 1100 1&2 1 1 1 0 162 1177 l t 4 122b 
165 73 166 1220 167 1240 168 6 7 lc5 I 4 u 
S A V t X 
130 9 121 1122 132 1133 122 l l b l 1 -4 1166 
135 ae 1 36 1210 137 1210 138 48 1 -5 12c 
140 1225 141 0 142 1225 142 1258 144 0 
S A V t X 
100 10 101 1163 102 120P 102 1219 1 W4 1301 
105 127 1 06 0 107 0 108 1 1 lo5 136 
S A V t X 
150 9 151 1207 152 \22~- 153 1212 1 -4 1312 
155 He 156 1243 157 r 158 16 1-5 12c 
SAVtX 
110 10 111 1219 112 1219 113 l ^e i 1-lM 1281 
115 134 116 1326 117 1326 4 W 9 12c 
12 0 1343 121 0 I i i 2 1247 1 2 2 1257 UM 0 
SAV tX 
17 0 e 171 12M0 1."'2 1262 172 U 1'4 0 
175 122 176 0 177 0 178 0 1 ' 9 122 
SAVtX 
160 9 161 12q0 l b 2 1250 162 1213 li-M 136 c 
165 72 166 1266 167 1276 168 63 l c 9 136 
SAVtX 
130 10 131 1258 132 1271 133 1 * 8 9 1 - 4 1326 
135 88 136 i3tie 127 124e 138 50 1 - 9 138 
14 0 1363 141 0 142 1262 143 1296 1M M 0 
SAVtX 
100 1 1 101 1 3 o l 102 1246 103 1257 lu4 1440 
105 128 106 0 107 0 108 1 1 l u 9 129 
SAVtX i\rt . . . , 
150 10 151 134 3 152 1262 153 1451 1 - 4 1451 
155 n e 1 5 6 1461 157 0 158 20 1 = 9 126 
SAVEX 
110 H 111 1357 112 1257 113 1420 U 4 1420 
115 135 116 1465 117 I 4 6 5 118 4 U 9 139 
120 1482 121 0 122 123 1496 1 * 4 0 
SAVEX • • • V A L L t 
170 9 171 1 3 7 6 1.72 1498 172 0 1 , 7 4 U 
175 122 176 0 177 0 178 0 122 
SAVEX • • • VALLE 
160 10 161 1 3 7 6 1C2 1286 163 1451 l c 4 1504 
165 73 166 1504 167 1514 168 65 l c 9 126 
SAVEX 
130 U 131 1396 102 1410 133 1428 1 - 4 1465 
135 8e 136 1487 127 1487 138 51 1 - 9 139 
140 1502 141 0 142 1502 143 1535 lMM u 
SAVtX 
100 12 101 1440 102 1485 1U2 1^96 lw4 1580 
105 129 1 06 0 107 0 ioe 1 1 1 0 * 140 
SAV tX 
150 11 151 1481 152 1502 152 1 5 9 0 1-4 159u 
155 118 156 1620 157 n. 158 21 1 2 9 13S 
SAVtX 
170 in 171 1514 172 1626 173 0 1/M u 
175 122 176 0 177 0 178 0 1 ' 9 122 
SAVtX 
H O 12 111 1496 112 1496 112 1 5 6 0 lAM 15cu 
l i b I3fc 1 lc 16Q5 117 160* 118 4 14 0 
12U 1622 1 2 1 0 122 1626 122 lc26 U i IJ 
SAVtX NR. . . . , ...VALUF •Iv R . , .VALUE 
160 U 1 6 1 1514 1t2 1524 162 1550 l*-4 1642 
165 73 1 6 6 lc43 lfc7 1652 168 fcfc lc5 125 
SAVtX N H . . . . . . . .VALUF NR , . .VALLE 
130 12 1 2 1 1525 132 1550 122 1565 1-4 16C5 
125 90 136 1628 137 162P 138 51 1-b 141 
mo 1643 1 4 1 0 142 1642 142 l e 7 6 144 u 
SAVtX NR . , . . . , . . VALLE 
100 13 1 0 1 i5eo 102 1625 102 lc26 lo4 1719 
105 128 106 0 107 0 108 11 1*5 125 
SAVtX 
150 12 1 5 1 1620 152 1643 153 1721 1-4 1721 
155 118 156 17fcl 157 0 158 2 2 1-5 141 
SAVtX 
170 11 1 7 1 165 2 172 1775 172 0 11 4 C 
175 122 176 0 177 0 178 0 1,( 5 122 
SAVtX NR o • • . . e .VALUE 
110 13 1 1 1 1626 112 1636 113 1659 1*4 16=9 
115 135 1 1 6 17q4 117 1744 118 4 1*5 135 
120 1761 121 0 122 1765 123 1775 1*4 0 
5 A V t X 
160 12 1 6 1 1652 162 1663 lb3 1721 lc4 1784 
165 73 166 1784 lb7 1794 168 68 lc9 141 
SAVtX 
130 13 1 3 1 I676 132 16P9 132 1707 1-4 1744 
135 88 1 3 6 I7 f c6 107 1766 128 50 1-5 138 
luo 1781 1 4 1 0 142 17P1 142 l d l 4 144 0 
SAVtX 
100 14 1 0 1 I7i<3 102 1764 102 1775 1*4 1857 
105 127 106 0 107 0 108 11 Iu5 138 
SAVtX 
100 15 1 0 1 1857 102 1957 102 lc57 1*4 1857 
105 0 1 0 6 1 107 0 lUd 0 1*5 0 
SAVtX 
100 16 1 0 1 1857 102 I P 57 102 1657 1*4 1857 
105 0 1 06 1 107 r 108 0 1*5 0 
bAVtX 
150 13 1 5 1 1761 1 52 1 . 7 P 1 152 l d t 5 1 = 4 i e e s 
155 H P 1 56 1699 157 0 158 *° 1 = 5 13d 
SAVCX 
110 14 U l 1775 1.12 1">7C 112 ld27 1 i-4 
182 1 U b 134 1 16 l£ti2 117 1PP? l i d 4 1 * 126 
12U l f l 9 c 1 2 1 n i * 2 l c 0 2 12 2 I S 1 2 1 * 4 u 
S A V t X VAL^E KR , . . , , . • . V A L L F 
1 1 0 1 5 1 1 1 1 9 1 3 1 1 2 1 9 1 2 1 1 3 151 .2 1 * 4 1 5 1 2 
1 1 5 0 1 1 6 1 ? 1 3 U 7 1 9 1 3 1 1 8 0 . 1 * 5 u 
1 2 0 1 9 1 3 1 2 1 0 1 2 2 1 c 1 3 1 2 3 1 ^ 1 2 1 * 4 0 
S A V t X NR . , . . » , , VALLE 
1 1 0 16 1 1 1 1 9 i 3 U 2 1 9 1 3 1 1 3 1 5 1 3 1 * 4 1 5 1 2 
1 1 5 0 1 1 6 1 9 1 3 1 1 7 1 9 1 2 1 1 8 0 1 * 5 0 
1 2 0 1 9 1 3 1 2 1 0 1 2 2 1 9 1 3 1 2 2 1 5 1 2 1 * 4 0 
S A V t X 
1 7 0 12 1 7 1 1 7 9 4 1 7 2 1 9 1 6 1 7 3 0 1 / 4 u 
1 7 5 1 2 2 1 7 6 0 1 7 7 0 1 7 8 0 l , / 5 1 2 2 
S A V t X • »H • . . . 
1 6 0 1 2 1 6 1 1 7 9 4 1 6 2 1 P 0 4 1 6 2 1 6 t 5 I c 4 1 5 2 2 
1 6 5 7 3 1 6 6 1 9 2 2 1 6 7 1 9 3 2 1 6 8 6 5 l c 5 1 2 6 
S A V t X 
1 3 0 i n 1 2 1 1 6 1 4 1 3 2 i e 2 7 1 3 3 l c ! 4 6 1 - 4 i e e 2 
1 3 5 9 0 1 3 6 1 9 0 5 1 3 7 1 9 0 5 1 2 8 4 9 1 - 5 1 2 5 
1 4 0 1 9 2 0 1 4 1 0 1 4 2 1 9 2 0 1 4 3 1 5 5 2 1 4 4 0 
S A V t X isH . . , , t • • V A L L t 
1 5 0 i n 1 5 1 1 8 9 9 1 5 2 1 9 2 0 1 5 2 2 o e e 1 - 4 2 0 i l d 
1 5 5 u e 1 5 6 2 0 2 6 1 5 7 C 1 5 8 21 1 - 5 1 2 5 
S A V t X , , , V A L L t 
1 7 0 1 3 1 7 1 1 9 2 2 1,72 2 0 5 4 1 7 3 0 1 / 4 0 
1 7 5 1 2 2 1 7 6 0 1.77 0 1 7 8 0 l , / 5 1 2 2 
S A V t X 
1 6 0 14 1 6 1 1 9 2 2 1 6 2 1 9 4 2 1 6 2 2 u o e l c 4 2 0 6 1 
1 6 5 7 3 1 6 6 2 0 f c l 1 6 7 2 0 7 1 1 6 8 6 6 l c 5 1 2 5 
S A V t X 
1 0 0 17 1 0 1 1 8 £ 7 1 0 2 1 9 0 2 1 0 3 1 5 1 2 l u 4 2 0 8 1 
1 0 5 2 1 3 1 0 6 0 1 0 7 n 1 0 8 1 1 l o 5 2 2 4 
S A V t X • • • V A L L t 
1 0 0 i e 1 0 1 2 0 f i l 1 0 2 2 0 8 1 1 0 3 2 L 6 1 1 0 4 2 0 8 1 
1 0 5 0 1 0 6 1 1 0 7 0 1 0 8 0 1 * 5 0 
S A V t X 
1 1 0 1 7 1 1 1 1 9 i 2 U 2 1 9 1 2 1 1 3 2 0 t l 1 * 4 2 0 6 1 
1 1 5 2 2 0 1 1 6 2 1 0 6 1 1 7 2 1 0 6 1 1 6 4 1 * 5 2 2 4 
1 2 0 2 1 2 3 1 2 1 0 1 2 2 2 1 2 7 1 2 2 2 1 2 7 1 * 4 0 
S A V t X 
1 1 0 l a 1 1 1 2 1 2 7 1 1 2 2 1 3 7 1 1 2 2 1 2 7 1 * 4 2 1 2 / 
1 1 5 0 1 1 6 2 1 2 7 1 1 7 2 1 7 7 1 1 8 0 C 
1 2 0 2 1 2 7 1 2 1 0 1 2 2 2 1 3 7 1 2 2 2 1 2 7 1 * 4 u 
S A V t X 
I 3 u 17 1 2 1 1 9 5 2 1 2 ? 2 0 5 1 1 2 2 2 u c 9 1 - 4 2 1 l c 
1 3 5 fir- 1 3 6 2 1 ^ f f 1 0 7 2i2e 1 2 6 1 2 5 1 - ' 2 2 3 
mo 2 1 4 ? V 4 1 0 1 4 2 2 1 4 ? 1 4 2 2 i , 7 6 I M S ' . u 
N R . . . V A L I . F 
1 7 0 1 4 1 7 1 2 0 7 1 172 2 1 9 3 1 7 2 0 1 / 4 u 
1 7 5 122 1 7 6 0 1 7 7 0 1 7 8 0 1 2 2 
S A V t X 
1 5 0 1 7 1 5 1 2 0 3 8 1 5 2 2 1 4 2 1 5 2 2 * 3 1 1 - 4 
2 2 3 i 1 5 5 1 1 8 1 5 6 2 2 6 1 1 5 7 0 1 5 8 1 0 5 1 - 9 2 2 2 
S A V t X 
1 0 0 l q 1 0 1 2 0 e l 1 0 2 2 1 2 6 1 0 2 2 1 2 7 l u 4 2 2 6 4 
1 0 5 1 7 2 1 0 6 0 1 0 7 0 1 0 8 1 1 l u 9 i e2 
S A V t X 
1 6 0 1 7 1 6 1 2 0 7 1 1 6 2 2 0 8 1 1 6 2 2 * 3 1 l u 4 2 2 8 4 
1 6 5 7 3 1 6 6 2 2 8 4 1 6 7 2 2 9 4 1 6 8 1 5 0 l u 9 2 2 2 
S A V t X 
H O l g 1 1 1 2 1 3 7 1 x 2 2 1 2 7 1 1 2 2 2 4 4 1 X 4 2 2 4 4 
1 1 5 1 7 9 1 1 6 22e9 1 1 7 2 2 8 9 u e 4 1 x 9 1 8 2 
120 2 3 0 6 1 2 1 0 1 2 2 2 2 1 0 1 2 3 2 2 * 0 U 4 0 
S A V t X 
130 1 9 1 3 1 2 1 7 6 1 2 2 2 2 3 4 1 3 3 2 2 5 2 1 - 4 2 2 8 9 
135 8 8 136 23U 1 3 7 2 2 1 1 1 3 8 9 5 1 - 9 i e2 
mo 2 3 2 6 1 4 1 0 1 4 2 2 2 2 6 1 4 3 2 3 5 9 1 4 4 . u 
S A V t X 
1 0 0 2 0 101 2 2 6 4 1 0 2 2 3 0 9 1 0 2 2 3 2 0 l o 4 2 4 0 5 
1 0 5 1 3 0 1 0 6 0 1 0 7 0 1 0 8 1 1 l o S 1 4 1 
S A V t X 
1 7 0 1 7 1 7 1 2294 1 7 2 2 4 1 6 1 7 2 0 1 / 4 u 
175 1 2 2 1 7 6 0 1 . 7 7 0 1 7 8 0 1 , < 9 1 2 2 
S A V t X 
150 1 9 151 2 2 & 1 1 5 2 2 2 2 6 1 5 2 2 4 1 4 1 - 4 2 4 1 4 
155 1 1 8 1 5 6 2 4 4 4 1 5 7 0 1 5 8 6 5 1 - 9 i e2 
S A V t X 
1 1 0 2 0 1 1 1 2 3 2 0 1 1 2 2 2 2 0 1 1 2 2 c t 5 1 X 4 2 2 8 5 
1 1 5 1 3 7 1 1 6 2 4 3 0 1 1 7 2 4 2 0 1 1 8 4 1 x 9 1 4 1 
1 2 0 2 4 4 7 121 0 1 2 2 2 4 5 1 1 2 2 2 4 6 1 U 4 0 
S A V t X 
1 6 0 I P 1 6 1 2 2 9 4 1 0 2 2 2 0 4 1 6 2 2 4 1 4 l c 4 2 4 6 7 
1 6 5 7 3 1 6 6 2 4 f c 7 1 6 7 2 4 7 7 1 6 8 1 1 0 l c 9 1 8 2 
S A V t X 
1 3 0 2 0 131 2 2 5 9 122 2 3 7 5 1 3 2 2 3 9 6 1 - 4 2 4 3 0 
1 3 5 9 4 1 2 6 2 4 ^ 5 1 2 7 2 4 5 5 1 2 8 5 0 1 - 9 1 4 4 
1 4 0 2 4 7 0 1 4 1 "0 1 4 2 2 4 7 P 1 4 3 2 ^ u 3 1 ^ 4 0 
S A V t X 
1 0 0 21 101 2 4 Q 5 1 U 2 2 4 5 0 1 0 2 2 4 t l K 4 2 5 4 3 
105 127 106 0 107 r 108 l l l u 9 126 
NN. . 
. . . . . . V A L t r 
NR. . . . . ,VALLE NR. . . . .VAL.tr NR. . . . . , VAlLL VALUE 150 2 0 151 24q<4 .152 247c 152 2556 1-4 
255c 
155 n e 156 2588 157 c 158 • ct 
l-S 
144 
SAVcX • • • • • VAL 'Ut 
170 l q 17i 2477 1,72 2599 172 0 1.(4 u 
175 12p 1.76 0 177 P 178 0 1./9 122 
SAVtX NR. ... •.. VALE 110 2 l 111 24&1 112 2461 112 2522 114 2523 115 134 1 16 2568 117 2568 116 4 1x9 126 120 2585 121 0 122 2589 122 2599 *4 " • 0 
SAVtX 
160 20 1 61 2477 1'62 2487 162 2556 1 C 4 2 6 1 i 
165 73 . 166 26 l l 167 2621 168 71 l u 9 144 
^AVtX ( \n • • . . . VALLE 
130 2 l 131 25o3 122 2512 123 2521 "1-4. 256c 
135 eg 136 2590 137 2590 128 47 1-S 125 
140 2605 141 0 142 2605 142 2628 1 4 4 - 0 
SAVtX • • • VALUE 
100 22 101 2543 102 
2 see 102 
2599 1 0 4 2686 
105 132 106 0 107 0 108 11 l u 9 143 
SAVtX NR. . 
VALLF 
NR . ,- -
. . . . V A L L E 
NR. • • • . .VALUE NH. . VALUE VALUE 150 21 I 5 l " 25e8 152 2605 152 2692 134 269 3 155 u e 156 2 7 2 3 157 0 158 17 1-9 125 
SAVtX uh 
110 22 111 2599 112 2599 112 2666 1x4 2666 
115 139 116 2 7 U 117 2711 u e 4 1x9 143 
120 2728 121 0 122 2732 123 2742 1 * 4 0 
SAVfcX 
170 20 171 2621 172 2742 172 0 1 M G 
175 122 176 0 177 n e 0 l,/9 122 
SAVtX 
160 21 161 2621 l c 2 262] 162 2c92 l c 4 2746 
165 72 166 2746 167 2756 lb8 62 l c 9 125 
SAVtX 
130 22 131 2638 122 2656 132 2o74 1 - 4 2711 
135 ee 126 2733 127 2722 128 1 C 9 143 
140 274p 141 0 142 2746 142 2761 144 0 
SAVtX 
100 23 101 26e6 1 02 272] 102 2742 l o 4 262d 
105 131 106 0 107 0 106 11 l u 9 142 
SAVtX VALLt 
150 2? 151 2723 152 274P 152 2c36 
1-4 
283c 
155 1 IP 1 56 2866 157 0 158 25 1-9 143 
SAVtX 
1 7 u 2 l 171 2 7 ^ 6 1 7 2 2P7e 17 2 0 1' ** u 
175 122 176 0 1 7 7 0 178 0 1/5 1 * 2 
SAVtX ' N R . . , , , , , . yALLF-
110 23 111 2 7 4 2 1 1 2 2742 112 2608 1*4 2806 
115 i3e 116 2653 1 1 7 2 ° 5 3 lie 4 1*5 14* 120 2870 121 0 122 2e74 1 2 2 2664 1*4 • u 
SAVtX NR 
16U 22 161 2 7 ^ 6 102 2766 162 2C26 lc4 2889 
165 72 166 28e9 lb7 2P99 168 7 0 l c 5 142 
SAVtX 
130 22 131 27ei 132 279P 122 2620 1 = 4 2852 
1 3 5 9& 136 2879 127 2879 128 50 1-5 146 
140 2894 141 0 142 2894 142 2527 1 4 4 u 
SAV£X 
1 0 0 24 101 2828 102 2872 102 2064 11/4 2967 
105 128 106 0 107 0 108 11 1*5 139 
SAVtX 
150 23 151 28t6 152 2894 152 2562 1-4 29e2 
1 5 5 u e 156 3012 157 0 158 28 1-5 146 
SAVtX 
170 22 171 2859 1.72 3 021 172 0 1 / 4 0 
1 7 s 122 176 0 177 0 178 0 1/5 122 
SAVtX 
110 24 111 28 e 4 112 2e64 112 2547 1*4 2947 
115 135 116 2992 117 2992 118 4 1*5 139 
1 2 0 3009 121 0 122 2 012 122 2023 1*4 0 
SAVtX 
160 23 161 2899 162 2909 162 2582 104 3025 
1 6 5 73 166 3025 167 3045 168 7^ l c 5 146 
SAVtX 
130 24 131 2927 132 2937 122 2955 1-4 2992 
1 3 5 ee 136 3014 127 3014 138 47 1 = 5 135 
mo 3029 141 0 142 3 029 142 3U62 144 0 
SAVtX 
1 0 0 25 101 29fc7 102 2012 102 3 0 2 3 1*4 31C8 
105 130 106 0 107 0 1U8 11 1*5 141 
SAVCX 
100 26 101 3ioe 102 3ioe 10 2 3108 1*4 31C6 
105 0 106 1 1 0 7 0 106 0 1*5 U 
SAVtX 
150 24 151 3 0 1 2 152 2 0 2 9 152 3 1 1 7 1 = 4 3117 
155 l i e 156 2 1 4 7 1 5 7 r 156 17 1-5 125 
bAVtX 
l l u 25 
115 137 
12U 3150 
















155 N E 
SAVcX 
100 27 
105 17 * 





















i l l 2022 U2 2023 
116 2.132 117 2122 
121 0 122 2154 
, , , . . VALLE 
111 2164 112 2164 
1 16 2164 1 17 2164 
121 0 1*2 2164 
NR. , . . . . .VALUE 
171 20/J.5 172 2167 
176 0 177 0 
161 2045 162 2055 
166 3170 lo7 2IEO 
131 3062 132 3078 
136 3155 127 2155 
141 "O 142 2170 
151 2147 152 2170 
156 32EE 157 0 
101 2IOE 102 215* 
1 06 0 107 0 
NR.. . . . . . .VALUE 
171 3180 1,72 2202 
176 0 177 C 
161 3180 102 2190 
166 3 3 H 167 2221 
111 3164 112 2164 
116 3317 1 1 7 2217 
121 0 122 223P 
131 32Q3 122 3262 
136 3243 137 2*42 
141 0 142 225P 
101 3292 102 2227 
1 06 0 107 •0 
171 3 3 2 1 172 2443 
176 0 177 C 
112 3uc6 U 4 206d 
118 4 1 *9 141 
122 3 l t 4 1*4 0 
112 3164 1 J.4 2164 
UE 0 U 9 
123 3164 1*4 0 
172 0 1/4 LI 
178 0 1/9 1 2 * 
162 2117 U 4 217o 
168 62 U 9 135 
122 2U96 U 4 3133 
128 T. •« 1-9 141 
142 2203 144 0 
152 3258 U 4 3256 
158 23 1-9 141 
102 3164 l o 4 3292 
108 11 l o 9 184 
172 0 1/4 0 
178 0 l,/9 122 
162 3258 lc4 3211 
168 68 lc9 141 
112 3*72 1x4 327* 
118 4 U 9 184 
122 3046 1*4 0 
123 3*84 1-4 331? 
128 9 2 1-9 188 
143 3291 1 4 4 0 
102 3248 1 0 4 341-1 
10A 11 U 9 141 
172 0 1-4 u 
176 0 122 
1 5 0 2 7 1 5 1 ] -J £ 2 7 5 8 1 5 2 2 4 4 fc 1 - 4 2 4 4 c 
1 5 5 U S 1 5 6 2 4 7 6 1 5 7 0 1 5 8 7 0 1 - 5 I 6 d 
S A V ^ X N K » « • . . . . . V A L l F N R , , . , . , . . V A L L E l \ R . , , , - . , - V A L L F 
1 1 0 2 p 1 1 1 2 2 4 8 1 1 2 3 2 4 P 1 1 2 2 4 1 2 1 * 4 3 4 i 2 
1 1 5 1 2 7 1 1 6 2 4 ^ e 1 1 7 3 4 5 P l i e 4 1 * 5 1 4 1 
1 2 0 3 4 7 5 1 2 1 0 1 2 2 2 4 7 9 1 2 2 3 4 8 9 1 * 4 0 
S A V C X 
1 6 0 2 7 1 6 1 2 3 2 1 l t 2 3 2 2 1 1 6 2 3 4 4 6 1 C 4 2 4 5 5 
1 6 5 7 ^ 1 6 6 3 4 t j 9 1 6 7 7 5 0 9 1 6 8 1 1 5 l « - 5 " l e d 
S A V t X N R 
1 3 0 2 p 1 3 1 3 3 9 1 1 3 2 2 4 0 2 1 2 2 3 4 2 1 1 - 4 3 4 5 e 
1 3 5 8 8 1 3 6 3 4 8 0 1 2 7 7 4 8 0 1 2 8 4 9 1 = 5 1 3 7 
1 « 4 0 3 4 9 5 1 4 1 0 1 4 2 2 4 9 c 1 4 2 3 5 2 8 1 4 4 0 
S A V t X 
1 0 0 2 9 1 0 1 3 4 2 2 1 0 2 2 4 7 P 1 U 2 3 4 6 9 1 * 4 2 5 7 2 
1 0 5 1 2 8 1 0 6 0 1 0 7 n 1 U 8 1 1 1 * 5 1 2 9 
S A V t X 
1 5 0 2 8 1 5 1 2 4 7 6 1 5 2 2 4 9 5 1 5 2 3 i ; 6 2 1 - 4 3 5 6 2 
1 5 5 1 1 8 1 5 6 3 6 i 3 1 5 7 0 1 5 8 1 5 1 = 5 1 2 7 
S A V t X 
1 1 0 2 9 1 1 1 34a9 1 1 2 7 4 8 9 1 1 2 3 5 5 2 1 * 4 3 5 5 2 
1 1 5 1 3 5 1 1 6 3557 1 1 7 3 C 9 7 1 1 8 4 1 * 5 1 3 9 
1 2 0 3 6 1 4 1 2 1 0 1 2 2 3 6 1 8 1 2 2 3 t 2 8 1 * 4 u 
S A V t X 
1 7 0 2 7 1 7 1 3 5 0 9 1 7 2 3 6 3 1 1 7 2 0 1 / 4 0 
1 7 5 1 2 2 1 7 6 0 l ' 7 7 0 1 7 8 0 1 2 2 
S A V t X 
1 6 0 2 P 1 6 1 35o5 1 6 2 3 5 1 9 1 6 2 3 5 6 2 l c 4 3 6 3 6 
1 6 5 7 3 1 6 6 2 6 2 6 1 6 7 3 6 4 6 1 6 8 6 4 1 ^ 5 1 2 7 
S A V t X 
1 3 0 2 9 1 3 1 3 5 2 8 1 2 2 3 5 4 2 1 2 2 2 5 6 2 1 - 4 3 5 5 7 
1 3 5 9 2 136 3 6 2 1 1 2 7 3 6 2 1 1 2 8 4 5 1 - 5 1 4 i 
mo 3 6 3 6 1 4 1 0 1 4 2 3 6 3 6 1 4 2 2 t c 5 1 4 4 0 
S A V t X 
1 0 0 3 0 1 0 1 3 5 7 2 1 U 2 3 6 1 7 1 0 2 2 6 2 6 1 0 4 2 7 l e 
1 0 5 1 3 5 1 0 6 0 1 0 7 0 1 0 8 1 1 1 * 5 1 4 c 
S A V t X 
1 5 0 2 9 1 5 1 3 6 i 3 1 5 2 3 6 3 6 1 5 2 2 7 2 4 1 = 4 2 7 2 4 
1 5 5 H P 156 3 7 ^ 4 1 5 7 0 1 5 8 2 2 1 . - 5 1 4 1 
S A V t X 
1 7 0 2 p 1 7 1 3 6 ^ 6 1 7 2 3 7 6 8 1 7 2 0 1 , ( 4 0 
1 7 5 1 2 ? 1 7 6 0 1 7 7 0 1 7 8 0 1 / 5 1 2 * 
S A V t X 
1 1 0 2 n ' 1 1 3 c * 8 1 1 2 3 6 2 P 1 1 2 2 f 9 6 1 * 4 2 6 5 c 
1 1 5 1 4 2 1 16 2 74 2 U 7 2 7 4 3 
1 id 4 1 * 9 1 4 t 1 2 Li 3 7 6 0 1.21 0 1 2 2 2 7 6 4 1 2 2 . .3 7 ?4 l<-4 ii 
tsR . . . . . . . V A L U E ..... . . . V A L U 
16Q 2 q 1 6 1 261J.6 l 'c2 2 6 5 6 16 2 2 7 * 4 lv .4 3 7 7 7 
1 6 5 7 3 1 6 6 2 7 7 7 1 0 7 2 7 0 7 1 6 6 6 8 U 9 1 4 1 
S A V t X 
l\R , 0 . . . . . V A L L ' F VALLE 1 3 0 . 3 0 1 2 1 2 6 6 9 1 2 2 2 6 8 8 1 2 2 2 / 0 9 1 - 4 2 7 4 2 1 3 5 9 4 126 3 7 6 8 1 2 7 2 7 6 8 1 2 8 1 - 9 1 4 7 
1 4 0 3 7 6 2 1 4 1 0 1 4 2 2 7 8 2 1 4 3 3 t i e 1 4 4 0 
S A V t X . . . V A L L t 
1 0 0 2 1 1 0 1 3 7 i 8 1U2 2 7 6 3 1 0 3 3 7 7 4 1 U4 2 8 6 * 
1 0 5 1 2 2 1 0 6 0 1 0 7 0 1 0 8 1 1 lu>> 1 4 4 
S A V t X VALUE 
150 2 0 1 5 1 3 7 5 4 1 S 2 2 7 6 2 1 5 3 3 6 7 1 1 - 4 2 8 7 1 
1 5 5 1 1 8 156 39ol 1 5 7 0 1 5 6 2 9 1 - 9 1 4 ? 
S A V t X . . . VALUE 
1 7 0 2 9 1 7 1 3 7 e 7 1 7 2 2 9 0 9 1 7 3 0 1 /4 0 
175 1 2 2 1 7 6 0 1 7 7 0 1 7 8 0 1, / 9 1 2 * 
S A V t X . \i Al 1 £ 1 1 0 2l 1 1 1 2 7 7 4 1 1 2 2 7 7 4 1 1 3 2 t i 4 2 1*4 • • • V WLV-L 2 8 4 * 1 1 5 1 4 0 1 1 6 2 8 8 7 1 1 7 2 P 8 7 u e 4 1 * 9 1*44 
120 3 9 0 4 1 2 1 0 1 2 2 2 9 0 8 1 2 3 3 9 1 8 1 * 4 0 
SAVEX VALUE 
1 6 0 2 0 1 6 1 3 7 f i 7 1 6 2 3 7 9 7 1 6 3 3 6 7 1 l c 4 39*4 
165 7 2 1 6 6 3 9 2 4 1 6 7 2 9 2 4 1 6 8 7 4 l c 9 1 4 7 
S A V t X VALLE 
130 3 1 1 3 1 3 8 i 6 1 2 2 2 8 3 2 1 3 3 3 6 5 4 1 - 4 286 ? 
1 3 5 9 6 1 3 6 3 9 i 3 1 2 7 2 9 1 2 1 3 8 4 9 1 - 9 1 4 5 
1 4 0 3928 1 4 1 0 1*42 2 9 2 e 1 4 3 2 9 6 1 1 4 4 C 
S A V t X VALUE 
100 3 2 1 0 1 3 8 6 2 1 0 2 2 9 0 7 1 0 2 2 9 1 8 l u 4 4 0 0 1 
1 0 5 1 2 8 1 0 6 0 1 0 7 0 1 0 6 11 l u 9 1 2 S 
S A V t X VALUE 
150 2 1 1 5 1 29ol 1 5 2 2 9 2 8 1 5 2 4 U 1 6 1 - 4 4 0 1 c 
155 l l f l 1 5 6 4 O 4 6 1 5 7 0 1 5 8 2 7 1 - 9 1 4 5 
S A V t X 
1 7 0 3 0 1 7 1 3 9 3 4 172 4 0 5 6 1 7 2 0 1 / 4 0 
1 7 5 1 2 2 1 7 6 0 1 7 7 0 1 7 8 0 1 / 9 1 2 2 
S A V t X V A L U t 
1 1 0 2 ? 1 1 1 3 9 i 8 1 1 2 2 9 1 8 1 1 2 2 9 6 1 1 * 4 29ei 
1 1 5 1 2 5 1 1 6 4 0 2 6 1 1 7 4 0 2 6 1 1 6 4 1 * 9 1 2 9 
1 2 0 4 0 4 3 1 2 1 0 1*2 4 0 4 7 1 2 2 4 i , 5 7 1 * 4 U 
S A V t X V A L U t 
1 6 0 3 1 1 6 1 3 9 ' 4 1 6 2 2 9 4 4 l c 2 4 u i t l c 4 4 0 c 9 
1 6 b 7 7 1 fc-6 4 G ' t 5 i c 7 4 0 7 9 l e t ? 7 2 U 5 1 4 ^ 
S A V L X NR . E , . . . . V A L L E N R - . , . , , - . V A L L E NR , . . . V A L U F ' N R . . . V A L L E • • • . • V A L L t 
1 3 0 7 ? 1 2 1 2 9 f c l I 2 2 2 9 7 ] 1 2 2 2 5 9 0 1 - 4 4 0 2 , . 
1 3 5 9 0 1 2 t 4 U 4 9 1 - 7 4 0 4 9 1 2 8 4 6 1 - ^ 1 2 6 
1 4 0 4 0 6 M 1 4 1 0 1 4 2 4 0 6 4 1 4 2 4 u 5 7 1 4 4 0 
S A V t X , . , , . V A L U E 
1 0 0 3 1 1 . 0 1 * 4 0 0 1 1 0 2 4 0 4 6 1 0 2 4 u 5 7 1 0 4 4 1 4 0 
1 0 5 i2e 1 0 6 0 1 0 7 0 1 0 8 1 1 1 * 5 1 2 5 
S A V t X 
1 5 0 2 2 1 5 1 4 0 4 6 152 4 0 6 4 1 5 2 4 1 5 2 1 - 4 4 1 5 * 
1 5 5 U P 1 5 6 . 4 1 8 2 1 5 7 0 1 5 8 1 8 1 = 5 1 2 c 
S A V t X 
U o 3 3 1 1 1 4 0 ^ 7 1 1 2 4 0 5 7 1 1 2 4 1 2 0 1 1 4 4 1 2 o 
U 5 1 3 5 1 1 6 4 1 e 5 1 1 7 4 1 6 5 u e 4 1 x 5 1 2 9 
1 2 0 4 1 8 2 1 2 1 0 1 2 2 4 1 8 6 1 2 2 4 1 9 6 1 * 4 0 
S A V t X 
1 7 o 3 1 1 7 1 4 0 7 5 1 7 2 4 2 0 1 1 7 2 0 1 / 4 0 
1 7 5 1 2 2 1 7 6 0 1 7 7 0 1 7 8 0 1 / 5 1 * 2 
S A V t X 
1 6 0 3 2 1 6 1 4 0 7 9 l b 2 4 0 8 9 1 6 2 4 1 5 2 l c 4 4 2 C 5 
1 6 5 7 3 1 6 6 4 2 0 5 1 6 7 4 2 1 5 1 6 8 6 2 l c 5 1 2 6 
S A V t X 
1 3 0 3 3 1 3 1 4 0 q 7 1 3 2 4 1 1 0 1 2 2 4 1 2 8 1 - 4 4 1 6 5 
1 3 5 8 8 1 3 6 4 1 8 7 1 3 7 4 1 8 7 1 2 8 5 0 1 = 5 1 2 6 
l H O 4 2 0 2 1 4 1 0 1 4 2 4 2 0 ? 1 4 2 4 2 2 5 1 4 4 0 
S A V t X 
1 0 0 3 4 1 0 1 4 1 4 0 1 0 2 4 1 8 5 1 1 1 2 4 1 9 6 l u 4 4 2 7 5 
1 0 5 1 2 8 1 0 6 0 1 0 7 0 1 0 8 1 1 1 * 5 1 2 5 
S A V t X 
1 0 0 3 5 1 0 1 4 2 7 9 1 0 2 4 2 7 9 1 0 2 4 2 7 9 1 * 4 4 2 7 5 
1 0 5 0 1 0 6 1 1 0 7 0 1 0 8 0 l u 5 U 
S A V t X 
1 5 0 3 3 1 5 1 4 1 8 2 1 5 2 4 2 0 2 1 5 2 4 2 5 0 1 = 4 4 2 5 * 
1 5 5 I I P 1 5 6 4 3 2 0 1 5 7 0 1 5 8 2 0 1 = 5 1 2 6 
S A V t X 
1 1 0 3 4 1 1 1 4 1 5 6 1 1 2 4 1 9 6 1 1 2 4 2 5 5 1 X 4 4 2 5 5 
1 1 5 1 3 5 1 1 6 4 2 0 4 1 1 7 4 7 0 4 u e 4 1 x 9 1 2 5 
1 2 0 4 3 2 1 1 2 1 0 1 2 2 4 7 2 5 1 2 2 4 2 2 5 1 * 4 u 
S A V t X 
1 1 0 2 5 U l 4 3 3 5 1 1 2 4 7 7 5 1 1 2 4 - 2 5 1 x 4 4 2 2 5 
1 1 5 0 1 1 6 4 2 ^ 5 1 1 7 .4 7 3 C u e 0 1 X S U 
1 2 0 4 2 2 5 1 2 1 " 0 1 2 2 4 2 2 5 1 2 2 4 = ^ 5 1 * 4 U 
S A V t X 
1 7 0 1 7 1 4 2 1 5 1 . 7 2 4 7 7 7 1 7 2 0 1 / 4 0 
1 7 5 1 2 2 176 0 1.77 n 1 7 6 0 
1, t-t, 1 2 2 S A V C X N R , , , 5 . , - , VALLE K R . . , , , . . . V A L L E 
1 6 0 1 fa 1 4 2 x 5 . 1 6 2 4 2 2 = 1 6 2 4 t - 9 0 1 C 4 4 3 4 3 
1 6 5 7? 166 4 3 q 2 1 6 7 4 •» c l f c f i t 5 1 2 c 
S A V t X • • • V A L L c 
1 3 0 2 4 1 2 1 4 2 3 5 1 3 2 4 ? 4 9 1 2 3 4*166 1 - 4 4 3 0 4 
1 3 5 1 2 6 4 3 2 7 1 0 7 4 3 2 7 1 2 8 5 0 1 - 9 I 4 u 
1 4 0 4 2 4 2 1 4 1 0 1 4 2 4 * 4 2 1 4 3 4 2 7 5 1>*4 0 
S A V t X 
1 5 0 2 4 1 5 1 4 3 2 0 1 5 2 4 3 4 2 1 5 3 4 4 3 0 1 - 4 4 4 2 u 
1 5 5 1 1 0 1 5 6 4 4 6 0 1 5 7 0 1 5 8 * 2 1 - 9 1 4 u 
S A V £ X 
1 0 0 3 6 1 0 1 4 2 7 9 1 0 2 4 3 2 4 1 0 3 4 2 3 5 l u 4 4 4 6 1 
1 0 5 1 ? 1 1 0 6 0 1 0 7 0 1 0 8 1 1 l u 9 1 6 2 
S A V £ X 
1 7 0 2 3 1 7 1 4 3 5 3 1 7 2 4 4 7 5 1 7 2 0 • 1 / 4 . ii 
1 7 5 1 2 2 1 7 6 ~ 0 1 7 7 0 n e 0 1 . / 9 1 2 2 
S A V t X 
1 6 0 2 4 1 6 1 4 3 5 3 1 6 2 4 3 6 2 1 6 3 4 4 3 0 1 C 4 4 4 8 3 
1 6 5 7 3 1 6 6 4 4 8 3 1 6 7 4 4 9 3 1 6 8 6 7 l c 9 . 1 4 0 
S A V f c X i\r< , , , , 
1 1 0 •» t - c 1 1 1 
4 3 3 5 1 1 2 4 2 ^ c 1 1 3 4 4 4 1 1 i .4 4 4 4 1 
1 1 5 I 7 g 1 1 6 4 4 8 6 1 1 7 4 4 8 6 1 1 8 4 U S 1 8 * 
1 2 0 4 5 0 3 1 2 1 0 1 2 2 4 5 0 7 1 2 3 4 5 1 7 1 * 4 0 
S A V E X 
1 3 0 2 6 1 3 1 4 3 7 5 1 2 2 4 4 2 1 1 2 2 4 4 4 9 1 - 4 4 4 8 6 
1 3 5 1 3 6 4 5 Q 8 1 3 7 4 5 0 e 1 2 8 9 3 1 0 9 1 8 1 
1 4 0 4 5 2 2 1 4 1 0 1 4 2 4 5 2 2 1 4 2 4 5 5 6 1 4 4 • 0 
S A V t X 
1 0 0 3 7 1 0 1 4 4 6 1 1 U 2 4 5 0 6 1 0 2 4 5 1 7 U 4 4 6 0 3 
1 0 5 1 2 1 1 0 6 0 1 0 7 0 1 0 8 1 1 U 9 1 4 * 
S A V t X 
1 7 0 3 4 1 7 1 4 4 g 3 1 , 7 2 4 6 1 5 1 7 2 0 1 . 4 u 
1 7 5 1 2 2 1 7 6 0 1 7 7 0 1 7 8 0 1 / 9 1 2 2 
S A V E X 
1 5 0 3 f t 1 5 1 4 4 f c 0 1 5 2 4 5 2 2 1 5 2 4 t H 1 - 4 4 6 1 1 
1 5 5 1 1 8 1 5 6 4 6 4 1 1 5 7 0 1 5 8 fc3 l o 9 1 8 1 
S A V t X 
1 1 0 3 7 1 1 1 4 5 i 7 U 2 4 F 1 7 1 1 2 4 5 6 3 U 4 4 5 6 3 
1 1 5 1 2 8 1 1 6 4 6 2 8 1 1 7 4 6 2 8 u e 4 U 9 1 4 2 
1 2 0 4 6 4 5 1 2 1 0 1 2 2 4 6 4 9 1 2 2 4 c 5 9 1 * 4 li 
S A V t X 
1 6 0 26 1 6 1 4 4 9 2 1 6 2 4 5 0 3 1 6 2 4 t l l 1 C 4 4 6 6 4 
1 6 5 7 3 166 4 6 6 4 •167 4 6 7 4 I c e 1 0 8 U S 1 6 1 
S A V L X KK V A L l F 
1 3 U 2 7 
1 3 5 5 0 
1 4 0 4 F C 6 6 
S A V T X K,<, V A L U E 
1 0 0 2 8 
1 0 5 1 2 9 
S A V T X N R V A L U F 
1 5 0 3 7 
1 5 5 u e 
S A V T X N R V A L U E 
170 3fc 
175 122 
S A V T X N R V A L U E 
110 3 8 
115 136 
120 47e5 
S A V T X N R V A L L E 
160 27 
165 7 2 
S A V T X N R . . V A L U E 
130 38 
135 92 
L U O 4807 
S A V T X N R V A L U E 
100 39 
105 121 
S A V T X N R V A L U E 
100 HC 
105 0 
S A V T X N R . . . . . . . . V A L U E 
150 38 
155 118 
S A V T X N R V A L U E 
1 7 0 37 
175 122 
S A V T X N R V A L U E 
1 1 0 3 9 
115 1 4 1 
120 4 9 4 0 
S A V T X N H . V A L U E 
1 1 0 4 0 
1 1 5 0 
120 4 5 4 0 
N R - , V A L U E 
131 4 5 5 6 
1 2 6 4 6 ^ 1 
1 4 1 0 
N R V A L U F 
1 0 1 4 6 Q 3 
1 . 0 6 0 
N R V A L L E 
151 4 c n l 
1 5 6 4 7 f i 4 
N R V A L L E 
171 4 6 7 4 
1 7 6 0 
N R . V A L L E 
111 4659 
116 4 7 f c 8 
121 0 
N R . . . . . . . . V A L U E 
161 4 6 7 4 
166 4 8 Q 7 
N R V A L L E 
131 4 6 Q 9 
1 2 6 4792 
1 4 1 0 
N R V A L L E 
101 4743 
1 0 6 U l l 
N R V A L U E 
101 48e5 
1 0 6 1 
N R V A L L E 
151 4 7 8 4 
156 4 9 * 5 
N R V A L U E 
1.71 4 f c ' i 7 
1 7 6 0 
N R V A L U E 
U l 4799 
116 4 9 4 0 
1 2 1 un 
N R V A L U E 
1 1 1 4 9 4 0 
116 4 9 4 0 
121 0 
N R . . V A L U F 
1 3 2 4 T : 7 3 
1 2 7 4 6 5 1 
1 4 2 4 6 6 6 
N R . . V A L U F 
1 0 2 4 6 4 P 
1 0 7 0 . 
N R . . V A L U F 
1 5 2 4 6 6 6 
1 5 7 0 
N R V A L U F 
1 7 2 4 7 9 6 
1 , 7 7 0 
N R . . . V A L U F 
1 1 2 4 6 5 9 
1 1 7 476e 
1 2 2 4 7 8 9 
N R . . V A L U E 
1 6 2 4 6 8 4 
1 * ) 7 4 8 1 7 
, * R . V A L U E 
1 2 2 4 7 1 7 
1 3 7 4 7 9 2 
1 4 2 4e07 
N R V A L U E 
1 0 2 4 7 7 P 
1 0 7 N 
N R . . . . . . . . V A L U E 
1 0 2 4 8 8 5 
1 0 7 0 
N R . . . V A L U E 
1 5 2 4 P 0 7 
1 5 7 P 
N R . V A L U E 
1 7 2 4 9 2 9 
1 , 7 7 0 
N R . V A L U E 
1 * 2 4 7 9 9 
1 1 7 4 9 4 0 
1 * 2 4 9 4 0 
N R . . . V A L U F 
1 * 2 4 9 4 ( 1 
1 1 7 4 9 4 0 
1 * 2 4 9 4 0 
N R V A L U E 
1 2 2 4 5 5 2 
1 2 6 5 2 
1 4 2 4 C 9 5 
N R • . V A L L E 
1 0 2 4 T 5 9 
loe 1 1 
l \ H V A L L E 
1 5 2 4 / 5 4 
I 5 F I 2 5 
N R V A L U E 
1 7 2 0 
1 7 8 0 
F \ R V A L L E 
1 1 2 4 / 2 2 
1 1 8 4 
1 2 2 4 7 5 ^ 
N R . . . . . . - . V A L L E 
1 6 2 4 7 5 4 
i&e 7 0 
N R . . . V A L L E 
1 2 2 4 7 2 2 
1 3 8 4 5 
1 4 2 4 6 4 0 
N R V A L U E 
1 0 2 4 7 5 9 
1 0 8 2 1 
N R V A L L E 
1 0 2 4 6 6 5 
1 0 6 0 
N R . V A L L E 
1 5 2 4 6 5 5 
1 5 8 2 2 
N R V A L U E 
1 7 3 0 
1 7 8 0 
N R . . . . . . • . V A L L E 
1 1 2 4 6 6 5 
1 1 8 0 
1 2 2 4 5 4 0 
i \ H . . V A u L E 
H 2 4 5 4 0 
1 1 6 0 
1 2 2 4 5 4 0 
I - N , . . , . . . . V A L U T 
- 4 4 6 2 6 
v . 5 1 4 2 
M S 0 
, I > R » . . . . . . . . V A L U T 
' o 4 4 7 4 2 
O 5 1 4 0 
, " R < V A L U T 
- 4 4 7 5 4 
- 5 1 4 2 
, I « K V A L L E 
, / 4 0 
( 5 1 2 2 
, . > H . V A L L T 
* 4 4 7 2 2 
* 5 1 4 O 
C 4 0 
V A L U E 
« 4 4eo? 
, C 5 142 
I->H . . . . . . . . V A L . L T 
' - 4 4 7 6 6 
- 9 . 1 4 1 
. 4 4 . . . 0 
, ' V H . . . . . . . . V A L U T 
0 4 4 8 8 5 
0 5 14* 
V A L U T 
0 4 4865 
0 5 0 
, I « H V A L L t 
= 4 485= 
= 5 1 4 1 
I > H V A L L T 
, / 4 0 
, » 5 1 2 2 
, T . H V A L L T 
* 4 4865 
* 5 1 4 1 
* 4 0 
V A L U T 
* 4 4 5 4 0 
, * 5 0 
* 4 . 0 
b A V L X N H . •> • , , . , . V A L L F N R . , , . . , . . V A L L E N R . . . . , . » . V A L L E N R . . . . . . . . VAlLE . • • . . ,  . V A L L r . 
l e i ) 2 P 1 6 1 4 8 17 1 6 2 4 8 2 7 1 6 2 4 c S 5 U 4 4 9 4 c 
l f c S 7 J 1 6 6 4 9 Q 8 1 6 7 4 9 5 E 1 6 8 c 8 U 9 1 4 1 
S A V t X N R . • • . . , , . V A L L F 
1 0 0 4 l 1 0 1 4 t i f i 5 1 0 2 4 9 2 r 1 0 2 4 S 4 Q 1 u4 5 0 7 0 
1 0 5 1 7 5 1 0 6 0 1 0 7 N l u 8 1 0 U S 1 6 5 
S A V t X N R . . . . . . 0 . V A L L F 
1 0 0 4 2 1 C 1 5 0 7 0 1 0 2 5 0 7 R 1 0 2 5 0 7 0 U 4 5 0 7 0 
1 0 5 n 1 0 6 1 1 0 7 0 L O E 0 1 Cl? 0 
S A V t X 
1 7 0 2 P 1 7 1 4 9 ^ 8 1 7 2 5 0 8 0 1 7 2 0 1 / 4 •Li 
1 7 5 1 2 2 1 7 6 0 1 7 7 0 1 7 6 0 1 . ' 9 1 2 * 
S A V t X 
1 1 0 4 1 U l 4 9 t » 0 1 1 2 4 9 4 C 1 1 2 5 0 5 0 1 * 4 5 0 5 0 
1 1 5 1 8 2 1 1 6 5 0 9 5 1 1 7 5 0 9 5 N E 4 U 9 l t c 
1 2 0 5 1 1 ? 4 2 1 0 U 2 5 1 1 6 1 2 2 5 1 2 6 1 * 4 . u 
S A V f c X • • . V A L L E 
1 1 0 4 2 1 1 1 5 1 2 6 1 1 2 5 1 2 6 • ' . 1 1 3 5 L * 6 1 * 4 5 1 2 6 
1 1 5 0 1 1 6 5 1 2 6 1 1 7 5 1 2 6 U 8 0 1 * 9 .0 
1 2 0 5 L 2 F C 1 2 1 0 1 2 2 5 1 2 6 1 2 2 5 1 2 6 1 * 4 Li 
S A V t X N R . . . V A L L E 
1 3 0 4 1 1 3 1 4 8 G 5 . - 0 
1 w t 4 8 8 5 1 2 2 4 9 0 3 1 - 4 5 0 5 5 
1 ' 3 5 A E 1 3 6 5 1 I 7 1 2 7 5 1 1 7 1 3 8 1 9 2 1 - 9 2 8 u 
1 4 0 5 1 3 2 1 4 1 0 1 4 2 5 1 3 2 1 4 2 5 1 6 5 1 -H4 ii 
S A V t X 
1 5 0 4 1 1 5 1 4 9 2 5 1 5 2 5 1 3 2 1 5 2 5 2 2 0 1 - 4 5 2 2 u 
1 5 5 L I E 1 5 6 5 2 5 0 1 5 7 0 1 5 8 2 0 7 1 3 9 3 2 5 
S A V t X inH . , . . . . . V A L L E 
1 0 0 4 3 1 0 1 5 0 7 0 1 U 2 5 1 1 5 1 0 2 5 1 * 6 U 4 5 2 5 L 
1 0 5 1 7 0 1 0 6 0 1 0 7 0 1 0 8 1 1 l o 9 1 8 1 
S A V t X 
1 6 0 4 1 1 6 1 4 9 5 6 1 6 2 4 9 6 0 1 6 2 5 2 * 0 U 4 5 2 7 2 
1 6 5 7 3 1 6 6 5 2 7 2 1 6 7 5 2 0 3 1 6 8 * 5 2 U 9 2 2 5 
S A V t X 
1 1 0 4 3 1 1 1 5 1 2 6 1 1 2 5 1 2 6 1 1 2 5 2 2 1 1 * 4 5 2 2 1 
1 1 5 1 7 7 1 1 6 5 2 7 6 1 1 7 5 2 7 6 1 1 8 4 1 * 9 1 8 1 
1 2 0 5 2 9 3 1 2 1 0 1 2 2 5 2 9 7 1 2 3 5 2 0 7 1 * 4 J 
S A V t X 
1 3 0 4 3 1 3 1 5 1 6 5 1 2 2 5 2 2 1 1 3 3 5 2 4 0 1 - 4 5 2 7 6 
1 3 5 9 0 1 3 6 5 2 9 9 1 2 7 5 2 ^ 9 1 2 8 9 2 1 - 9 1 8 * 
1 4 Q 5 3 1 4 1 4 1 0 1 4 2 5 2 1 4 1 4 3 5 2 4 7 1 4 4 0 
S A V t X 
1 0 0 4 4 1 0 1 5 2 5 1 1 0 2 5 2 9 F 1 0 2 5 2 L 7 U 4 5 3 9 q 
1 0 5 1 3 2 1 0 6 0 1 0 7 0 L O T 1 1 U 9 1 4 2 
N H 
1 7 0 H I 1 7 1 52e2 1 7 ? 5 4 0 5 1 7 2 0 1 ' 4 0 
1 7 5 1 2 2 ' 7 t 0 1 7 7 0 1 7 8 0 1 ' * \cc 
S A V r _ X 
1 5 0 4 2 1 5 1 5 2 5 0 1 5 2 5 3 1 4 1 5 2 5 4 0 2 1 - 4 5 4 C 2 
1 5 5 l i p 1 5 6 5 4 2 2 1 5 7 , 0 1 5 8 6 4 1 - 5 1 8 2 
S A V t X N R 
1 1 0 4 4 1 1 1 5 3 0 7 U 2 5 3 0 7 1 1 2 5 2 7 4 1 * 4 5 2 7 4 
1 1 5 1 3 9 1 1 6 5 4 i 9 1 1 7 5 4 1 9 l i e 4 1 * 5 1 4 2 
1 2 0 5 4 3 f c 1 2 1 0 1 2 2 5 4 4 0 1 2 2 5 4 5 0 1 * 4 0 
S A V t X N R V A L L E 
1 6 0 4 3 1 6 1 52e2 1 6 2 1 6 2 5 4 0 2 1 0 4 
C 4 C ^ 
1 6 5 7 3 1 6 6 5 4 5 5 1 6 7 5 4 6 5 1 6 8 1 0 5 l c 5 1 8 2 
S A V t X 
1 3 0 4 4 1 3 1 5 3 4 7 1 3 2 5 7 6 4 1 2 3 5 2 6 2 1 - 4 5 4 1 5 
1 3 5 8 P 1 3 6 5 4 < 4 l 1 3 7 5 4 4 1 1 3 8 5 4 1 - 5 1 4 2 
1 4 0 5 4 5 6 1 4 1 0 1 4 2 5 4 5 6 1 4 2 5 4 6 5 1 4 4 • -u 
S A V t X 
1 0 0 4 5 1 0 1 5 3 5 4 1 0 2 5 4 2 9 1 0 2 5 4 5 0 1 * 4 5 5 2 5 
105 1 3 4 1 0 6 0 1 0 7 0 - 1 0 8 1 1 . 1 * 5 1 4 5 
S A V t X N R . . . . . . . . V A L U E N R . . . V A L L E U R , . . , . , , . . V A L U E N R . . V A L L E . V A L L t 
1 5 0 4 4 1 5 1 5 4 2 2 1 5 2 5 4 5 6 1 5 2 5 5 4 4 1 = 4 5 5 4 4 
155 u e 1 5 6 5 5 7 4 1 5 7 n 1 5 8 2 4 • 1 = 5 ' ' 1 4 2 
S A V t X N R . . . V A L U E N R . . . . . . . . V A L L E N R . . V A L U E N R . . . . . . . . V A L U E , " R . . . . . . . . V A L U t 
1 7 0 4 3 1 7 1 5 4 t 5 1 > 2 5 5 8 7 1 7 2 0 1 ' 4 . 0 
1 7 5 122 1 7 6 0 1 . 7 7 0 1 7 8 0 l , / 5 1 2 2 
S A V t X N R . . . . . . . . V A L U E N R . . . V A L L E N R . . . . . . . . V A L U E N R . . . . . . . . V A u L t >SH . V A L L t 
110 4 5 U l 5 4 5 0 112 5 4 5 0 1 1 2 5 5 i 5 1 * 4 5 5 1 9 
1 1 5 1 4 1 1 1 6 5 5 & 4 1 1 7 5 5 6 4 1 1 8 4 1 * 5 1 4 5 
120 5 5 8 1 1 2 1 0 1 2 2 5585 1 2 2 5 5 9 5 1 * 4 . 0 
S A V t X 
1 6 0 4 4 1 6 1 5 4 f c 5 1 6 2 5 4 7 5 1 6 2 5 5 4 4 1 * 4 5 5 5 / 
1 6 5 7 2 1 6 6 5 5 9 7 1 6 7 5 6 0 7 1 6 8 6 5 1 « 5 1 4 * 
S A V t X 
1 3 0 <<5 1 3 1 5 4 f i 9 1 3 2 5 5 0 9 1 2 2 5 5 2 1 1 - 4 5 5 6 4 
1 3 5 "36 1 3 6 5 5 9 0 1 2 7 5 5 9 C 1 2 8 1 = 5 1 4 9 
1 4 0 5 6 0 5 1 4 1 0 1 4 2 5 6 0 5 1 4 2 5 6 2 8 1 4 4 0 
S A V t X 
1 0 0 4 6 1 0 1 5 5 3 9 1 0 2 5 5 8 4 1 0 2 5 5 5 5 1 * 4 5 6 7 5 
1 0 5 1 2 9 1 0 6 0 1 0 7 0 1 0 8 1 1 1 * 5 1 4 o 
S A V t X 
1 0 0 4 7 1 0 1 5 6 7 9 1 0 2 5 6 7 9 1 0 2 5 t = 7 5 - 1 * 4 5 6 7 5 
1 0 5 0 1 0 6 1 1 0 7 0 1 0 8 0 1 * 5 0 
S A V t X 
S A V E X N R . . 
1 7 0 
1 7 5 
. . . - , . V A L L F 
4 4 
1 2 2 
S A V T X 
1 1 0 
1 1 5 
1 2 0 
4 6 
1 2 6 
5 7 2 1 
S A V T X 
1 1 0 
1 1 5 
1 2 0 
4 7 
0 
5 7 3 5 
S A V E X 
1 6 0 
1 6 5 
4 5 
7 3 
S A V T X N R . . 
1 3 0 
1 3 5 
1 4 0 
V A L U E 
4 6 
9 2 
5 7 4 3 
S A V T X N R . . 
1 0 0 
1 0 5 
. . . . . . V A L U E 
4 8 
1 7 0 
S A V T X N R . . 
1 5 0 
1 5 5 
. . . . . . V A L L E 
4 6 
1 1 8 
S A V T X 
1 7 0 
1 7 5 
4 5 
1 2 2 
S A V T X N R . . 
1 6 0 
1 6 5 
. . . . . . . V A L L E 
4 6 
7 3 
S A V T X 
1 1 0 
1 1 5 
1 2 0 
4 8 
1 7 7 
5 9 0 2 
S A V T X 
1 3 0 
1 3 5 
1 4 0 
4 8 
as 
5 9 2 2 
S A V C X 
1 0 0 
1 0 5 
4 9 
i 2 e 
S A V T X 
1 7 1 
1 7 e 
5 f c 0 7 
0 
1 7 2 
1 7 7 
5 7 2 . 9 
C 
1 1 1 
1 1 6 
1 2 1 
5 5 5 5 
5 7 o 4 
0 
1 1 2 
1 . 1 7 
1 2 2 
5 7 0 4 
5 7 2 5 
1 1 1 
1 1 6 
1 2 1 
5 7 3 5 
5 7 2 5 
" O 
1 1 2 
1 1 7 
1 * 2 
5 7 3 c 
5 7 2 5 
5 7 3 5 
1 6 1 
1 6 6 
5 6 Q 7 
5 7 ^ 6 
l c 2 
1 b 7 
5 6 1 7 
5 7 5 6 
I N R . . 
1 2 1 
1 3 6 
1 4 1 
V A L L E 
5 6 2 8 
5 7 2 8 
0 
N R . , . . . . 
1 2 2 
1 2 7 
1 4 2 
. . V A L L E 
5 6 4 5 
5 7 2 e 
5 7 4 3 
N R . . 
1 0 1 
.1 0 6 
V A L L E 
5 6 7 9 
0 
N R 
1 0 2 
1 0 7 
. . V A L U E 
5 7 2 4 
. 0 
N R . . 
1 5 1 
1 5 6 
. . . . . . V A L L E 
5 7 2 2 
5 8 6 1 
J N R . . . . . . 
1 5 2 
1 5 7 
. . V A L U E 
5 7 4 2 
0 
1 7 1 
1 7 6 
5 7 5 6 
0 
1 , 7 2 
1 , 7 7 
5 * 7 8 
V. 
N R . . 
1 6 1 
1 6 6 
V A L L E 
5 7 5 6 
5 8 8 4 
N R 
1 6 2 
1 6 7 
. . V A U U F 
5 7 6 6 
5 8 9 4 
1 1 1 
1 1 6 
1 2 1 
5 7 2 5 
5 8 8 5 
0 
1 1 2 
1 1 7 
1 2 2 
5 7 3 5 
5 8 8 5 
5 5 0 6 
1 2 1 
1 2 6 
1 4 1 
5 7 7 6 
5 9 ( j 7 
0 
1 3 2 
1 2 7 
1 4 2 
5 0 3 0 
5 5 0 7 
5 5 2 ? 
1 0 1 
1 0 6 
5 8 c 0 
0 
1 0 2 
1 0 7 
5 9 0 5 
r 
1 7 2 0 1. / 4 0 
1 7 8 0 1 ' 9 1 2 * 
1 1 2 5 c 5 5 1 * 4 5 6 5 9 
l i e 4 1 * 5 1 4 0 
1 2 3 5 7 3 5 1 * 4 U 
1 1 2 5 7 ~* 5 1 * 4 5 7 2 5 
l i e 0 1 * 9 ' 0 
1 * 2 5 7 3 5 1 * 4 . 0 
1 6 2 5 c 9 3 K 4 5 7 4 6 
1 6 8 7 6 1 ^ 5 1 4 5 
N R . - . V A ' T - L E N H , . . . . . . . V A L L E 
1 2 2 5 6 6 5 1 - 4 5 7 0 - T 
1 2 8 4 6 1 - 9 1 2 c 
1 4 2 5 7 7 6 l * » - 4 u 
N R . . . . ' . . . . V A L L E H . . V A L L T 
1 0 2 5 7 2 5 I T 4 5 8 6 U 
1 0 8 1 1 l u 9 1 8 1 
N R . . » • • • • . . V A L L E , I % H . . V A L L T 
1 5 2 5 6 2 1 1 - 4 5 8 2 1 
1 5 8 2 0 1 J 9 I 2 d 
1 7 2 0 1 ' 4 . 0 
1 7 8 0 .1,1*9 1 2 2 
N R . . . . . . . . V A L L E V A L L T 
1 6 2 5 6 2 1 l ' C 4 " 5 8 8 4 
1 6 8 6 5 l c 5 1 2 8 
1 1 2 5 6 4 0 1 * 4 5 8 4 0 
1 1 8 4 1 * 9 1 8 1 
1 2 2 5 9 1 6 1 * 4 U 
1 3 3 5 6 4 8 1 - 4 5 8 8 5 
1 3 8 5 1 1 - 9 1 7 9 
1 4 2 5 5 5 5 1 4 H U 
1 0 3 5 5 1 6 L U 4 5 9 5 5 
1 0 6 1 1 1 ^ 5 1 3 5 
1 7 0 4 f c • ' 7 1 5 6 ^ 4 1 7 2 6 0 1 6 1 7 2 0 1 . / 4 0 
1 7 5 J 2 2 . 1 . 7 6 0 1 .7 7 0 - H e 0 1 . / 5 1 2 * 
S A V e X N R . ' . . . . . . V A L L E NR . . . V A L L E 
1 5 0 4 P 1 5 1 5 6 t l 152 5 9 2 2 1 ^ 3 6 0 1 0 1 = 4 e o i o 
1 5 5 H P 1 5 6 6 O 4 O 1 5 7 . 0 1 5 8 6 1 1 ~ * 1 7 5 
S A V t X 
n o 4 9 1 1 1 5 9 i 6 1 1 2 5 9 1 6 1 1 2 5 9 7 9 1 1 4 5 5 7 5 
1 1 5 1 3 5 1 1 6 6 0 2 4 1 1 7 6 0 2 4 1 1 8 4 l i 5 1 2 5 
1 2 0 6 0 4 1 1 2 1 0 1 2 2 6 0 4 5 1 2 2 6 o 5 5 U 4 u 
S A V t X NH 
1 6 0 4 P 1 6 1 5 8 9 4 i e 2 5 9 0 4 1 6 2 6 0 1 0 1 C 4 6 0 6 2 
1 6 5 7 2 1 6 6 6 0 f c 3 1 6 7 6 0 7 3 1 6 8 1 0 6 K ' 5 1 7 5 
S A V t X N R . . . . . . . V A L L E 
1 3 0 4 9 1 3 1 5 9 5 5 1 3 2 5 9 6 9 1 2 2 5 * 3 8 7 1 0 4 6 0 - 2 4 
1 3 5 e p 1 2 6 6 0 4 6 1 3 7 6 0 4 6 1 2 8 5 1 1 0 5 1 2 5 
l 4 u 6 0 6 1 1 4 1 0 1 4 2 6 0 6 1 1 4 2 6 0 5 4 1 4 4 0 
S A V t X 
1 0 Q 5 0 1 0 1 5 9 9 9 1 0 2 6 0 4 4 1 0 2 6 0 5 5 1 * 4 6 1 2 5 
1 0 5 1 2 9 1 0 6 0 1 0 7 0 / 1 0 8 1 1 l u 5 1 4 0 
S A V t X N R . . . . . . . V A L L E N R . . . . . . . V A L L E N R . . . . . . . V A L L E N R . . . . . . . V A L L E , i \ H . . V A L L t 
1 . 0 0 5 1 1 0 1 6 1 3 9 1 0 2 6 1 3 9 1 0 2 6 1 2 5 1 * 4 6 1 2 5 
1 0 5 0 1 0 6 1 1 0 7 0 1 0 8 0 1 * 5 U 
S A V t X 
1 5 0 4 9 1 5 1 6 O 4 O 1 5 2 6 0 6 1 1 5 3 6 1 4 5 1 - 4 6 1 4 5 
1 5 5 Ha 1 5 6 6 1 7 9 1 5 7 0 1 5 8 2 1 1 = 5 1 2 5 
S A V t X 
1 7 0 4 8 1 7 1 6 0 7 . 3 1 . 7 2 6 1 < 3 5 1 7 2 0 1 / 4 0 
1 7 5 1 2 2 1 7 6 0 1 7 7 0 1 7 8 0 " l . ' ^ » 1 2 2 
S A V t X 
H O 5 0 1 1 1 6 0 5 5 1 1 2 6 0 5 5 1 1 3 6 1 1 5 1 1 4 6 1 1 5 
1 1 5 1 3 6 1 1 6 eie 1* 1 1 7 6 1 6 4 1 1 8 4 H 5 1 4 0 
1 2 0 6 1 8 1 1 2 1 0 1 2 2 6 1 8 5 1 2 3 6 1 5 5 1 * 4 U 
S A V t X 
1 1 0 5 1 1 1 1 6 I 5 5 1 1 2 6 1 9 5 1 1 2 6 1 5 5 l l 4 6 1 5 5 
1 1 5 0 1 1 6 6 1 9 5 1 1 7 6 1 9 5 u e 0 l i 5 0 
1 2 0 6 1 9 5 1 2 1 0 1 2 2 6 . 1 9 5 1 2 2 6 1 5 5 1 * 4 0 
S A V t X 
1 6 0 4 9 1 6 1 6 0 7 3 1 6 2 6 0 8 3 1 6 2 6 1 4 5 1 « 4 6 2 0 2 
1 6 5 7 2 1 6 6 62o2 l t ; 7 6 2 1 5 l e e 6 6 l o < s 1 2 5 
S A V t X 
1 2 0 5 0 1 3 1 6 0 9 4 1 2 2 6 1 0 9 1 2 2 6 1 2 6 1 - 4 6 I 6 4 
1 3 5 9 n 1 3 6 6 1 8 7 1 0 7 6 1 P 7 1 2 8 5 1 1 - 5 I 4 i 
1 4 0 6 2 0 2 1 4 1 0 1 4 2 6 2 0 ? 1 4 2 6 * 2 5 1 4 4 * 
S A V t X 
1 5 0 5 n 151 1 5 2 6 ? 0 2 . 1 5 3 6 * 5 0 U l 6 2 5 u 
1 5 5 up 1 5 6 6 2 * 0 157 0 1 5 8 1 - 5 1 4 1 
S A V t X INK • • • • - , . V A L L E N R . . . V A L L E K R . . . , . . . . V A L t E , , , . . . . . V A L L t 
1 0 0 1 0 1 6 1 2 9 1 0 2 6 1 8 4 1 0 2 6 1 5 5 1 v4 6 2*4 
1 0 5 1 7 4 1 0 6 0 1 0 7 0 1 0 8 1 1 u s 1 8 5 
S A V t X . . . V A L L t 
1 7 0 4 9 1 7 1 6 2 i 2 1 7 2 6 2 2 4 1 7 2 0 1'4 U 
1 7 5 1 2 2 1 7 6 0 1 7 7 0 1 7 8 0 u s 1 2 * 
S A V t X 
1 6 0 5 0 1 6 1 6 2 1 2 1 6 2 6 2 2 2 1 6 2 6 * 5 0 U4 6 2 4 . ; 
1 6 5 7 3 1 6 6 6 3 4 3 1 6 7 6 2 5 2 1 6 8 6 8 u s 1 4 1 
S A V t X 
HO 5 2 1 1 1 6 1 5 5 U 2 6 1 9 5 1 1 2 6 3 0 4 1*4 6 2 C 4 
1 1 5 iai 1 1 6 6 3 4 9 1 1 7 6 3 4 9 1 1 6 4 1 * 5 1 8 5 
1 2 0 6 3 6 6 1 2 1 0 1 2 2 6 2 7 0 1*2 6 2 6 0 1*4 0 
S A V t X n K , , , , 
120 5 2 i 3 l 6 2 3 5 1 3 2 6 2 9 4 1 2 2 6 2 1 2 1 - 4 6 2 4 5 
135 ap 1 3 6 6 3 7 1 1 2 7 6 3 7 1 1 2 8 5 6 u s 1 6 4 
1*40 6386 1 4 1 0 1 4 2 6 2 8 6 1 4 2 6 4 1 5 1^4 0 
S A V t X 
100 5 3 1 0 1 6 3 2 4 1 0 2 6 3 6 5 1 0 2 6 2 6 0 1 0 4 6 4 6 7 
105 1 3 2 1 0 6 0 1 0 7 C 1 0 8 1 1 u s 1 4 2 
S A V t X . • . V A L L t 
1 0 0 5 4 1 0 1 6 4 f c 7 1 0 2 6 4 6 7 1 0 2 6 4 6 7 U 4 6 4 6 7 
105 0 1 0 6 1 1 0 7 0 1 0 8 0 u s 0 
S A V t X 
1 7 U 5 0 1 7 1 6 3 5 2 1 .7 2 6 4 7 5 1 7 2 0 1 '4 0 
1 7 5 1 2 2 1 7 6 0 17 7 0 1 7 e 0 1,/S 1 2 2 
S A V t X . . . V A L L E 
1 5 0 5? 1 5 1 6 2 * 0 1 5 2 6 2 0 6 1 5 2 6 4 7 4 1-4 6 4 7 4 
155 ue 1 5 6 6 5 Q 4 1 5 7 0 i5e 6 6 u s 1 8 4 
S A V t X . . . V A L L t 
1 1 0 5 3 1 1 1 62e0 1 1 2 e*eo 1 1 2 6 4 4 7 1*4 6 4 4 7 
1 1 5 1 2 5 1 / 1 6 6 4 9 2 1 1 7 6 4 9 2 lie 4 US 1 4 2 
1 2 0 6 5 0 9 1 2 1 0 1 2 2 6 5 1 2 1 2 2 6 5 2 2 1 * 4 0 
S A V t X 
1 1 0 5 4 1 1 1 6 5 2 3 1 1 2 6 5 2 2 1 1 2 6 5 * 2 1 * 4 6 5 2 2 
115 0 1 1 6 6 5 2 3 1 1 7 6 5 2 2 ue 0 1 * 5 U 
1 2 0 6 5 2 3 1 2 1 0 1 2 2 6 5 2 2 1*3 6 5 2 2 1*4 u 
S A V t X 
1 6 0 5 2 1 6 1 6 2 5 2 1 6 2 6 2 6 2 l c 2 6 4 7 4 U 4 6 5 2 7 
1 6 5 73 1 6 6 6 5 2 7 l c 7 6 5 2 7 1 6 6 i l l US 1 8 4 
S A V t X 
1 3 0 5 1 1 3 1 • 6 4 i 5 1 2 2 6 4 2 7 1 2 3 6 4 5 5 1-4 6 4 5 t 
ro ro 
N O 
125 i 2fc 6 5 1 a l c T *=18 126 5 1 J c 14 7 
14 (j 65 2 2 141 0 142 f 5 7~ 14 2 6 = 66 . 1 - 4 0 
SAVtX NR, , . . * . . . V A L L E NR. , , , , , , .vALl.F 
100 C IV 101 6 4 f c 7 102 6 5 1 ? 102 6 t c 2 1 U 4 6 6 4 e 
105 I7n 106 0 107 P 106 11 
1 0 5 181 SAVtX . . . . .N/ALL'F 
15u 5 1 151 65Q4 152 65 22 152 6 c 2 1 1 = 4 6 6 2 1 
155 llfi 156 6 6 5 I 157 0 158 29 1 = 5 14 7 
SAVLX 
170 52 171 6527 172 6 6 5 9 172 0 l , / 4 0 
175 122 176 0 177 0 178 0 1#5 122 
SAVcX 
160 52 161 6527 162 6 5 4 7 162 6 c 2 l l c 4 6 6 7 4 
165 72 166 66 74 167 6684 168 74 l o 5 147 
SAVtX 
110 5^ U l 65^2 112 6 5 2 3 112 6 6 2 6 1 * 4 6 6 2 6 
115 177 116 6673 117 6 6 7 2 118 4 1*5 161 
120 6 6 9 n 121 0 122 6694 122 6 7 0 4 1*4 0 
SAVtX 
130 55 131 65fc6 132 6 6 1 8 122 6 6 2 6 1 - 4 6 6 7 2 
135 136 6655 137 6 6 9 5 138 89 1 = 5 177 
14U 6 7 1 0 141 0 142 6 7 1 0 142 6 7 4 2 144 0 
SAVtX 
100 56 101 66q8 102 6 6 8 7 102 6704 l o 4 6 7 8 7 
105 llfi 1 06 
nn 
107 P 108 
a 
1 v5 125 
SAVtX 
170 52 171 66g4 172 6 8 0 6 172 0 1,1 4 0 
175 122 176 0 177 0 178 0 
1, t 5 1*2 SAVtX 
150 55 151 6 6 £ l 152 6 7 1 0 152 6 / 5 8 1 = 4 6 7 5 6 
155 l i e 1 56 6828 157 P 158 59 1 = 5 177 
SAVtX 
110 56 111 67Q4 112 6 7 0 4 112 67 67 1 * 4 6 7 6 7 
115 12P 1 16 6 8 4 2 117 6 8 4 2 118 0 1*5 126 
120 6 8 4 2 121 
nn 
122 6 8 4 2 122 6 c 4 2 1 * 4 0 
SAVtX 
160 5^ 161 6684 162 6 6 9 4 162 6 7 9 6 l t - 4 6 e s i 
165 72 166 6 8 5 1 167 6P61 i c e 104 1^5 17? 
SAVtX 
100 57 101 67fi7 102 6P22 102 6 c 4 2 1 0 4 6 5 2 5 
105 12? 1 06 0 107 • 0 108 10 1 0 9 1 2 t 
bAVtX 
110 57 111 6 8 4 2 U 2 6P4 ? 112 6 5 0 5 1 * 4 t 5 C 5 
115 125 1 16 6950 117 6 95 0 118 4 I n 125 
1 2 0 6 9 6 7 121 0 1 * 2 
6 5 7 1 
1 2 3 6 S t l 1 * 4 u 
S A V t X N R . . . V A L L E 
N R . . . . . i 
. . V A L L t N R . , . 
\i A I . L F 
1 7 0 5 5 1 7 1 6£fcl 
1 72 
6 5 P 2 1 7 2 0 • 1,1 * 0 
1 7 5 1 2 2 176 0 1 , 7 7 . 0 1 / 8 0 1. ' ' 1 2 * 
S A V t X NR . . - . • « . V A L L E N R . . . 
1 3 0 5 7 1 2 1 6 7 f i 7 1 2 2 6 7 8 7 1 2 2 6 c 0 5 1 - 4 6 5 5 0 
1 3 5 ee 126 6 9 7 2 1 3 7 6 5 7 2 1 3 8 1 4 5 1 - 5 2 2 3 
1 4 0 6 9 8 7 141 0 1 4 2 6 9 8 7 1 4 3 7 0 * 0 
l*t4 
0 
S A V t X . . . V A L L t 
1 0 0 5 8 101 6 9 2 5 1 0 2 6 9 7 0 1 0 3 6 9 6 1 l o 4 7 0 6 5 
1 0 5 1 2 9 
1 0 6 
0 1 0 7 P 1 0 8 1 1 l t - 9 1 4 0 
S A V t X 
1 5 0 5 7 151 6 8 2 6 1 5 2 6 9 8 7 1 5 2 7 0 7 5 1 - 4 7 0 7 5 
1 5 5 1 1 8 
1 5 6 
7 1 0 5 1 5 7 0 1 5 8 1 5 5 1 - 9 2 7 7 
S A V t X i ^ H , , , • • . V A L L t 
1 1 0 5 8 111 69el 1 1 2 
698.1 
1 1 2 7 0 4 5 1 x 4 7 0 4 5 
1 1 5 1 3 6 116 7 0 g 0 U 7 7 0 9 f ] u e 
4 
1 * 5 1 4 0 
1 2 0 7 1 0 7 121 0 1 2 2 7 1 1 1 1 2 2 7 1 * 1 
1*4 
0 
S A V E X H . , , , . . . V A L L E 
1 6 0 5 7 161 6 8 6 1 162 6 8 7 1 1 6 2 7 0 7 5 l c 4 7 1 2 d 
C A \JC V 
1 6 5 7 2 
16  
NR 
7i2e 167 7 1 3 P 1 6 8 * ' 0 4 l c 9 
i*8 
2 7 / 
. . . V A L L E 
1 3 0 se 1 3 1 * * V 7 0 2 0 1 0 2 7 0 3 5 1 2 3 7 0 5 2 1 0 4 7 0 5 0 
1 3 5 8 8 1 3 6 7 1 i 2 1 2 7 7 1 1 2 1 3 8 5 2 1 o 5 1 4 0 
1 4 0 7 1 2 7 1 4 1 0 1 4 2 7 1 2 7 1 4 2 7 1 6 0 1 4 4 0 
S A V t X i\R . . . . 
1 0 0 5 9 101 7 0 6 5 1 0 2 7 1 l r 1 0 3 7 1 2 1 I u 4 7 2 0 4 
1 0 5 1 2 8 
1 0 6 
0 1 0 7 0 1 0 8 1 1 l w 5 1 3 5 
S A V E X , . . V A L L t 
1 5 0 5 8 151 7 1 Q 5 1 5 2 7 1 2 7 1 5 2 7 2 1 5 
1̂4 
7 2 1 5 
1 5 5 n e 156 7 2 4 5 1 5 7 0 1 5 8 2 2 1 - 5 1 4 0 
S A V t X 
1 7 0 5 7 171 7 1 2 8 1 7 2 7 2 6 0 1 7 2 0 1 ' 4 0 
1 7 5 1 2 2 176 0 1 7 7 0 1 7 8 0 1 , / S 1 2 2 
S A V t X 
1 1 0 5 9 
1.11 
7 1 2 1 1 1 2 7121 1 1 2 7 1 6 4 1 * 4 7 1 8 4 
1 1 5 1 2 5 
116 
7 2 2 9 1 1 7 7 2 2 9 1 1 8 
4 
1 * 5 1 3 5 
1 2 0 7 2 4 f t 21 0 1 2 2 7 ? 5 0 1 2 3 7 2 6 0 1 * 4 0 
S A V t X 
1 6 0 5 8 1 6 1 7 1 2 8 l b 2 7 1 4 0 1 6 2 7 * i 5 l o 4 7 2 6 t : 
1 6 5 7 2 
16  
7 * 6 6 l t 7 7576 1 6 8 t 7 l c 5 1 4 0 
S A V t X 
1 3 0 5 9 121 7 1 f c 0 1 2 2 7174 1 2 3 7 1 5 4 1 - 4 7 2 * 5 
1 3 5 9 2 1 2 6 7 2 5 2 127 7 2 5 3 1 3 8 4 5 1 - 5 1 4 1 
m y 7 2 e p ' 4 1 0 ! 4 2 7 2 6 6 1 4 2 7 - 0 1 1 -* 4 u 
SAVCX NR. . . . . , , . VALLF NH . , . , . , . .VALLF i\R , , , , . . . .VALI F 
I0a 6 0 1 0 1 72Q4 1 0 2 7 o <i c 1 0 2 7 < : c 0 1 * 4 7 2 4 , : 
1 0 5 127 1 0 6 0 107 r Loe 11 1 * 5 1 2 8 
b A V c X NR . . . . . . . . V A L L F NR. , . . , , , .VALLE l\ R , . , . , , , , V A L L F 
1 5 0 59 1 5 1 7 2 ^ 5 1 5 2 7 P 6 P 1 5 2 7 2 5 6 1 - 4 7 2 5 c 
1 5 5 u e 156 7 = 6 6 1 5 7 ' 0 1 5 8 2 2 1 - * m i 
S A V t X NR . • o . • . . . V A L L F 
1 1 0 6 0 H I 7 2 t 0 1 1 2 7 2 6 0 112 72^2 1 * 4 7 2 2 2 
1 1 5 1 3 4 1 1 6 7 3 c 7 1 1 7 7 * 6 7 u e 4 1 * 5 1 2 6 
1 2 0 7 3 8 4 121 0 1 2 2 7 7 8 P 1 2 2 7 2 5 8 1 * 4 0 
S A V t X 
1 7 0 5 8 1 7 1 727e 1 7 2 7 4 0 0 1 7 2 0 1/4 c 
1 7 5 - 1 2 2 176 0 1 7 7 0 1 7 8 0 1 < 9 1 2 2 
S A V t X 
1 6 0 55 161 7 2 7 8 lb2 7 2 8 8 1 6 2 7 = 5 6 l u 4 7 4 C 5 
1 6 5 7 2 166 7 4 0 9 1 6 7 7 4 1 9 1 6 8 fc8 1 4 1 
S A V t X 
1 3 0 60 1 3 1 7 3 Q 1 1 2 2 7 2 1 2 1 2 2 7 = 2 0 1 - 4 7 2 6 7 
1 3 5 ee 136 72e5 1 2 7 7 , e 9 1 2 8 4 8 1 - 5 1 2 c 
m o 7 4 0 4 1 4 1 0 1 4 2 7 4 0 4 1 4 2 7 4 2 7 1 4 4 0 
S A V t X V A L L F 
1 0 0 6 1 1 0 1 7 2 4 2 1 0 2 7 7 6 7 1 0 2 7 2 5 8 l u 4 7 4 6 i 
1 0 5 1 2 8 1 0 6 0 1 0 7 0 1 0 8 1 1 1 * 5 1 2 9 
S A V t X 
1 5 0 6 0 151 7 2 f i 6 1 5 2 7 4 0 4 1 5 2 7 4 5 2 1 = 4 7 4 5 2 
1 5 5 1 1 8 156 7 b 2 2 1 5 7 P 1 5 8 18 1 = 5 1 2 c 
S A V t X 
1 1 0 6 1 U l 7 3 5 8 1 1 2 7 7 5 8 1 1 2 7 4 t l 1 * 4 7 4 c i 
1 1 5 1 3 5 116 7 5 0 6 1 1 7 7 5 0 6 u e 4 1 * 5 1 2 5 
1 2 0 7 5 2 3 121 0 1 2 2 7 5 2 7 1 2 2 7 5 2 7 1 * 4 u 
S A V t X 
1 7 0 5 9 171 7 4 i 9 1 7 2 7 5 4 1 1 7 2 0 1 / 1 u 
1 7 5 122 176 0 1 7 7 0 1 7 8 0 l , / 5 l * t 
S A V L X 
1 6 0 60 161 7 4 i 5 lfa2 7 4 2 9 1 6 2 7 4 5 2 l>-4 7 5 4 5 
1 6 5 73 166 7 5 4 5 }vl 7 5 5 5 1 6 8 fc2 1 = 5 1 2 0 
S A V t X 
1 3 0 6 1 131 7 4 2 7 122 7 4 5 1 1 2 2 747 0 1 = 4 7 5 l c 
1 3 5 9 0 136 7 5 2 9 137 7 5 2 9 I2e 5 0 1 - 5 1 4 u 
m o 7 5 4 4 141 0 1 4 2 7 5 4 4 1 4 2 7 = 7 7 l t 4 u 
S A V t X 
1 0 0 6 2 101 74ei 1 02 7 5 2 6 102 7 = 2 7 1 * 4 / 6 2 4 
1 0 5 1 3 2 1 C c 0 1 0 7 0 1 0 8 11 1 * 5 1 4 2 
ro 
ro 
b A V(_ X 
, V A L L F 
1 5 0 6 1 1 5 1 7 5 2 2 1 5 2 7 C 4 4 1 5 2 7 c 2 2 
1-4 
7 6 2 * 
1 5 5 
IP 
1 5 6 7 6 t 2 1 5 7 n 1 5 8 2 2 1 - 5 
l4u S A V t X N r t . . V A L l F 
1 7 u 6 0 1 7 1 7 5 5 5 1 7 2 7 6 7 7 1 7 2 0 
L'4 
0 
1 7 5 1 2 ? 1 7 6 0 1 7 7 0. 1 7 8 0 
175 
1 * 2 
S A v t X NR . . V A L L F I l l ) 6 2 1 1 1 7 5 ^ 7 1 1 2 7 5 2 7 1 1 3 
7 c 0 4 
U 4 7 6 1 4 
1 1 5 1 2 9 1 1 6 7 6 4 9 1 1 7 7 6 4 9 1 1 8 
4 
U S 1 4 3 
1 2 0 7 6 6 6 1 2 1 0 1 2 2 7 6 7 0 1 2 2 6 0 
1*4 
0 
S A V t X . V A L L F l \ H , , , , . . . V A L L t 
1 6 0 6 1 1 6 1 7 5 5 5 1 6 2 7 5 6 5 1 6 2 7 c 3 2 
U4 7 6 6 5 1 6 5 7 3 1 6 6 7 6 6 5 1 6 7 7 6 9 5 1 6 8 6 7 U S 1 4 0 
S A V t X . V A L L F . . . V A L L t 
1 3 0 6 2 1 2 1 7 5 7 7 1 3 2 7 5 9 4 1 2 2 7 6 1 2 
1-4 
7 6 4 S 
1 3 5 ee 1 3 6 7 6 7 1 1 2 7 7 6 7 1 1 2 8 5 4 1 - 5 1 4 * 
1 4 0 7 6 8 6 1 4 1 0 1 4 2 7 6 8 6 1 4 2 7 7 1 5 4  0 
S A V t X . V A L L E . . . V A L L t 
1 0 0 6 3 1 0 1 7 6 2 4 1 0 2 7 6 6 9 1 0 2 7 c f c 0 1V4 7 7 6 7 1 0 5 1 2 2 1 0 6 0 1 0 7 .0 1 0 8 1 1 U S 1 4 2 
S A V t X 
1 5 0 6 2 1 5 1 7 6 6 2 1 5 2 7 6 8 6 1 5 2 7 7 7 4 
1-4 
7 7 7 4 
1 5 5 l i e 1 5 6 7 6 0 4 1 5 7 0 1 5 8 2 4 1 - S 1 4 2 
S A V t X • • . V A L L t 
1 7 0 6 1 1 7 1 7 6 9 5 1 7 2 7 0 1 7 1 7 2 0 
1/4 
0 
1 7 5 1 2 2 1 7 6 0 1 7 7 0 1 7 8 0 1 / 5 1 * 2 
S A V t X 
1 1 0 6 3 1 1 1 7 6 8 0 1 1 2 7 6 0 0 1 1 2 7 7 4 7 
1*4 
7 7 4 7 
1 1 5 1 3 9 1 1 6 7 7 5 2 1 1 7 7 7 9 2 1 1 8 
4 
1 x 5 1 4 2 
1 2 0 7 8 0 9 1 2 1 0 1 2 2 7 0 1 2 1 2 2 7 6 2 3 
1*4 
0 
S A V t X . . . V A L L t 
1 6 0 6 2 1 6 1 7 6 5 5 l c 2 7 7 0 5 1 6 2 7 7 7 4 U 4 7 8 2 / 
1 6 5 7 3 1 6 6 7 8 2 7 1 6 7 7 0 3 7 lee 6 9 U S 1 4 * 
S A V t X . . . V A L L t 
1 3 0 6 3 1 3 1 7 7 1 9 1 2 2 7 7 2 7 1 2 2 7 7 6 0 
1-4 
7 7 5 2 
1 3 5 5 8 1 3 6 7 8 i 9 1 2 7 7 0 1 5 1 2 8 5 0 
1-5 
I 4 t i 
mo 7 8 2 4 1 4 1 0 1 4 2 7 0 2 4 1 4 2 7 C 6 7 4  
0 S A V t X V A L L F 
1 0 0 
64 
1 0 1 7 7 6 7 1 0 2 7 0 0 2 1 0 2 7 6 2 2 
104 7 9 0 7 1 0 5 1 1 9 1 0 6 mi 
1 0 7 0 1 0 8 2 1 U S 1 4 u 
S A V t X • V A L L F 
1 5 0 6 3 1 5 1 7 6 0 4 1 5 2 7 P 2 4 1 5 2 7 5 2 2 
1-4 
7 5 2 2 
1 5 5 HP 1 5 6 7 5 5 2 1 5 7 0 1 5 8 2 0 1 - S 1 4 t i 
S A V t X . V A L L E 
1 7 0 t? 1 7 1 7 8 2 7 1 12 7 9 5 9 1 7 2 0 1 , < 4 0 175 1 2 2 1 7 6 0 1 ' 7 0 1 7 8 0 1 1 * 2 
S A V L X N H , , ' . . , , , , V A L L E N R , . . , . . . . V A L L F 
1 1 0 6 4 1 U 7 8 2 2 1 1 2 7 « 2 2 1 1 3 1 * 4 7 6 6 7 
U b 1 2 9 1 1 6 7 5 f c 2 1 1 7 7 9 6 ? ue 0 1 * 5 1 2 5 
1 2 0 7 9 6 2 1 2 1 u n 1 2 2 7 9 6 ? 1 2 3 7 5 6 2 1 * 4 0 
S A V L X 
1 6 0 6 ? 1 6 1 7 8 2 7 1 6 2 7 P 4 7 1 6 2 7 5 2 2 1 * 4 7 5 7 -
1 6 5 7 3 166 7 9 7 5 l b 7 7 9 6 5 1 6 8 7 5 1 * 5 1 4 6 
S A V t X 
1 0 0 6 5 1 C l 7 9 0 7 1 0 2 7 9 5 2 1 0 2 7 9 t 2 1 * 4 8 0 4 5 
1 0 5 1 2 0 1 0 6 0 1 0 7 0 • 1 0 8 1 0 1 * 5 1 2 6 
S A V t X 
1 0 0 6 6 1 0 1 8 0 4 5 1 0 2 6 0 4 5 1 0 2 8 o 4 5 1 * 4 6 0 4 5 
1 0 5 0 1 0 6 1 1 0 7 0 1 0 8 U 1*5 0 
S A V t X 
1 1 0 6 5 1 1 1 7 9 f c 2 1 1 2 7 9 6 2 1 1 2 6 0 2 5 1 * 4 8 0 2 5 
1 1 5 1 3 5 1 1 6 6 0 7 0 . U 7 6 0 7 C ue 4 1 * 5 1 2 5 
1 2 0 8 0 8 7 1 2 1 0 1 2 2 6 0 9 1 1 2 2 6 1 0 1 1 * 4 0 
S A V t X 
Uo 6 6 1 1 1 eioi U 2 eioi 1 1 2 8 1 0 1 1 * 4 eioi 
1 1 5 0 1 1 6 81ol 1 * ' 6 1 0 1 ue 0 1*5 0 
1 2 0 8 1 0 1 1 2 1 0 1 2 2 8 1 0 1 1 2 2 8 1 0 1 1*4 0 
S A V t X 
1 7 0 6 3 1 7 1 7 9 f i 5 1 . 7 2 ''- 8 ' 1 0 7 1 7 2 0 1 /4 0 
1 7 5 1 2 2 1 7 6 0 1 7 7 0 1 7 8 0 1 /5 1 2 2 
S A V t X 
1 3 0 6 5 1 3 1 7 9 0 7 1 3 2 7 9 0 7 1 2 2 7 5 2 5 1 0 4 8 0 7 0 
1 3 5 8 8 1 3 6 8 0 5 2 1 3 7 eo5? 1 2 8 1 4 5 1-5 2 2 2 
1 4 0 8 1 0 7 1 4 1 0 1 4 2 6 1 0 7 1 4 2 6 1 4 0 1 4 4 0 
S A V t X 
1 5 0 6 5 1 5 1 7 9 £ 2 l b 2 8 1 0 7 1 5 2 6 1 5 5 1 = 4 8 1 5 -
1 5 5 ue 1 5 6 8 2 2 5 1 5 7 0 1 5 8 1 5 5 1-5 2 7 2 
S A V t X N R . . . ••. • . V A L L E 
1 0 0 6 7 1 0 1 8 0 4 5 102 eo9o 1 0 2 eiLl 1*4 8 2 2 5 
1 0 5 1 7 3 1 0 6 0 1 0 7 0 1 0 8 1 1 1*5 1 6 4 
S A V t X 
1 6 0 6 5 1 6 1 7 9 f i 5 1 0 2 7 9 9 5 1 6 3 6 1 5 5 1 U 4 8 * 4 6 
1 6 5 7 3 166 e246 1 6 7 6 2 5 8 1 6 8 2 0 0 l c 5 2 7 2 
S A V t X 
1 1 0 6 7 1 1 1 eioi 1 1 2 6 1 0 1 1 1 2 8 2 0 5 1*4 8 * 0 5 
1 1 5 1 8 0 1 1 6 6 2 5 4 1 1 7 6 2 5 4 1 1 8 4 1*5 1 6 4 
1 2 0 8 2 7 1 1 2 1 0 1 2 2 6 2 7 5 1 2 2 8 2 6 5 1*4 0 
S A V t X 
ro 
1 2 0 6 7 1 2 1 8 1 4 0 1 2 2 P195 1 2 2 8 * 1 6 1 - 4 6 2 5 4 
1 3 5 9 0 1 2 6 8 2 ? 7 1 3 7 8 2 7 7 1 2 8 5 5 1 -5 1 8 -
1 4 0 8 2 9 2 1 4 1 0 1 4 2 6 2 5 2 1 4 3 8 2 * 5 1 4 S 0 
S A V t X 
1 0 0 en 1 0 1 8229 1 0 2 8 ? 7 4 103 8 < r 8 5 1 0 4 8 2 6 5 
105 125 1 0 6 0 i u 7 n. 1 0 6 1 1 l o S 1 4 0 
S A V U X 
170 6 5 1 7 1 8258 1 ? 2 e 2 e o 173 0 
1/4 
0 
175 122 1 7 6 0 177 0 178 0 1 , / S 12* 
S A V C X 
150 6 7 151 8225 152 8292 153 8 2 6 0 1 2 4 e28G 
155 l i e 1 5 6 8 4 1 0 157 0 158 6 7 l i S 1 8 5 
S A V U X 
U o 6 e 1 1 1 8285 112 8 2 6 5 112 8 2 4 9 1 * 4 8 2 4 5 
115 1 3 6 1 1 6 8354 117 6294 118 4 1*5 1 4 0 
120 8 4 1 1 1 2 1 0 122 6415 122 8 4 2 5 1 * 4 0 
S A V t X 
1 6 0 6 7 1 6 1 8258 1 0 2 8 2 6 8 1 6 2 8 2 6 0 1 C 4 8 4 2 3 
1 6 5 72 1 6 6 8 4 2 3 1 0 7 8 4 4 ? 1 6 8 112 l c 5 185 
S A V t X 
130 6 8 1 3 1 8325 122 6229 132 8259 1 - 4 8 3 9 4 
125 92 1 3 6 8 4 i 8 127 8418 138 49 1 - 5 1 4 1 
140 8433 1 4 1 0 1 4 2 e 4 2 2 142 8466 1 4 4 0 
S A V t X 
100 6 9 101 83e9 102 8414 103 8 4 2 5 1 0 4 8 5 0 6 
1 0 5 128 1 0 6 0 1 0 7 0 108 1 1 l o S 1 3 5 
S A V t X 
150 6 8 1 5 1 8 4 1 0 152 8422 152 e 5 2 i 1 2 4 8 5 2 1 
155 118 1 5 6 8551 157 0 158 2 2 1 -5 1 4 1 
S A V t X 
U O 6 9 U l 8425 1 1 2 8 4 2 5 112 8 4 8 8 1 * 4 8 4 e e 
115 135 1 1 6 e 5 2 3 1 1 7 8522 u e 4 1 * 5 1 3 5 
120 8550 121 0 122 6554 122 8 5 6 4 1 * 4 0 
S A V t X 
170 6 7 1 7 1 8442 172 8 5 6 5 172 0 1 . / 4 0 
175 122 1 7 6 0 177 0 178 0 1 , / S 122 
S A V t X 
1 6 0 6 8 1 6 1 8 4 4 3 1 6 2 e 4 5 2 l t > 2 85*1 1 C 4 8 5 7 4 
1 6 5 73 1 6 6 8 5 7 4 1 6 7 esen 1 6 8 6 8 l u S 1 4 1 
S A V t X 
1 3 J 6 9 1 2 1 8 4 f c 6 122 6 4 7 e 123 8 4 5 6 1 - 4 8 5 3 3 
135 8 8 1 2 6 8 5 ^ 5 127 138 45 1 - S 1 3 7 
1 4 0 8 5 7 0 1 4 1 0 142 8 5 7 0 1 4 2 8 c 0 2 1 4 4 0 
S A V t X 
r o 
100 7 0 1 0 1 e5Q8 1 0 2 f e c i 1 0 2 8 i c 4 l - t e64/ 
105 12a 1 0 6 0 1 0 7 n . loe 1 1 i « * 1 2 S 
S A V t X 
100 7 1 1 0 1 8 6 i | 7 1 0 2 8 6 4 7 102 e c 4 7 lwH et4/ 
105 0 106 1 1 0 7 P 1 0 8 0 l o S 0 
S A V t X 
150 69 1 5 1 e 5 £ l l b 2 8 5 7 C 1 5 2 8 c t e 1 - * 8 6 5 f c 
155 116 1 5 6 86e8 157 0 1 5 8 1 9 1=4 1 2 7 
110 70 1 1 1 8 5 f c 4 112 8 5 6 4 112 B t « : 7 1*1 eta 
115 135 1 1 6 e672 117 8 6 7 ? 118 4 1*% 1 3 9 
120 8689 1 2 1 0 122 8 6 9 3 123 8 7 0 2 1*4 U 
S A V c X M * • • e . • V A L t E 
110 71 1 1 1 " " 87Q3 1 1 2 8 7 P 3 112 e702 1 * 4 67 O j 
115 0 1 1 6 87o3 1 1 7 8 7 0 3 118 0 W* 0 
120 8703 1 2 1 0 122 8 7 0 3 122 e / t 2 1*4 c 
S A V E X 
170 6(1 1 7 1 85e4 172 8 7 0 6 173 0 V* 0 
175 122 1 7 6 0 177 0 178 o led 
S A V t X « , V A L t E 
160 69 161 8584 1 6 2 8 ? 9 4 162 BbSB 164 8 7 H 165 7 3 1 6 6 8 7 l l 167 8 7 2 1 1 6 8 6 4 1 « 9 1 2 7 
S A V t X 
130 7 0 1 3 1 86Q3 132 8617 122 8 6 2 6 l i 4 8 6 7 * 
135 90 1 3 6 8 6 9 5 137 8 6 9 * 1 3 8 S O l i 9 1 4 o 
140 8 7 1 0 m i 0 1 * 2 8710 142 8 7 4 3 1 4 4 C 
S A V t X 
150 7 0 1 5 1 86e8 152 8 7 1 C 1 5 2 8 7 9 6 l i 4 8 7 S « 
155 118 1 5 6 8828 157 158 1 - 5 1 4 0 
S A V t X 
100 7 2 1 0 1 8647 102 ee92 102 e7t2 1 * 4 ee2i 
105 173 1 0 6 0 107 c 108 1 1 l u S 1 8 4 
S A V t X 
170 6 9 1 7 1 8721 172 8 8 4 ; 172 0 V* t 
175 1 2 2 1 7 6 0 177 c 1 7 8 0 1*2 
S A V t X 
160 70 161 e72l 1 6 2 8 7 3 1 1 6 2 8 7 9 8 1*4 8 8 5 1 
165 73 166 eesi 1 6 7 8 8 6 1 166 * 7 l t - V I 4 i ) 
S A V t X • . V A L L F 
110 72 1 1 1 8 7 0 3 112 8 7 0 3 112 6 8 1 1 1*4 e e n 
115 1 8 0 1 1 6 ees6 1 1 7 8 » * 6 118 4 1 * V 1€« 
120 8 8 7 3 1 2 1 1 * 2 8877 122 1*4 u 
S A V t X V A L L F . . . . . V A L t E fc" ...... . . V A L L F l » h . . . . . . • . V A t . L t • . . . . . . • V A L L t 
130 7 * 1 2 1 8 7 n 2 122 8 * 0 1 122 ; 1 - 4 . 8 6 5 c 
1 2 5 ep 13-fc 8 6 7 8 1 2 7 P P 7 P i 2 e 5 5 1 - 5 1 8 . : 
1 4 0 8 e 9 3 1 4 1 0 1 4 2 e893 1 4 2 8 5 2 6 1 - t M 0 
S A V C X 
1 0 0 7 2 1 0 1 8 6 3 1 1 0 2 8 P 7 g 1 J 2 8 e 6 7 U 4 6 5 7 * 
1 0 5 1 3 0 1 0 6 0 1 0 7 P 1 0 8 1 1 U S 1 4 1 
S A V C X • • . V A L L t 
1 7 0 7 n 1 7 1 8 8 6 1 1 7 2 8 9 8 2 1 7 3 0 1 . 4 0 
1 7 5 1 2 2 1 7 6 0 1 7 7 0 1 7 6 0 1 / 5 1 2 2 
S A V t X 
1 5 0 7 2 1 5 1 8 8 2 8 1 5 2 8 8 9 3 1 5 2 8 5 t l 1 - 4 esei 
1 5 5 1 I P , 156 9 0 i l 1 5 7 0 1 5 8 6 5 1 - 5 1 8 3 
S A V t X . . . V A L L t 
1 1 0 7 3 1 1 1 88e7 1 1 2 8 P 6 7 1 1 2 8 5 5 2 1 * 4 es5£ 
1 1 5 1 2 7 1 1 6 8 9 g 7 1 1 7 P 9 9 7 u e 4 U S 1 4 1 
1 2 0 9 0 1 4 1 2 1 0 1 2 2 S P 1 P 1 2 2 9 0 2 8 1 * 4 0 
S A V t X 
1 6 0 7 2 1 6 1 8 8 6 1 1 6 2 8 8 7 1 1 6 2 8 5 6 1 U 4 5 0 3 4 
1 6 5 7 3 1 6 6 5 0 2 4 1 6 7 9 0 4 4 1 6 8 no u s 1 8 3 
S A V t X • V A L L t 
1 3 0 7 3 1 2 1 8 5 2 6 1 2 2 8 9 4 ? 1 2 2 8 5 6 3 1 - 4 855/ 
1 3 5 9 4 1 2 6 9 0 2 2 1 2 7 9 0 2 2 1 3 8 5 0 1 0 5 1 4 4 
1 4 0 9 0 2 7 1 4 1 n 1 4 2 9 0 2 7 1 4 2 9 0 7 0 1 4 4 0 
S A V t X 
1 0 0 7 4 1 0 1 8 9 7 2 1 0 2 5 0 1 7 1 0 3 * 9 0 2 8 U 4 5 1 1 0 
1 0 5 1 2 7 1 . 0 6 0 1 0 7 n 1 0 8 1 1 U S 1 2 8 
S A V t X . . . V A L L t 
1 5 0 7 3 1 5 1 sou 1 5 2 5 0 2 7 1 5 3 9 1 2 5 1 0 4 5 1 2 c 
1 5 5 1 1 8 1 5 6 5 1 5 5 1 5 7 0 1 5 8 2 6 u s 1 4 4 
S A V t X . . . V A L L t 
1 7 0 7 2 1 7 1 9 0 4 4 1 7 2 9166 1 7 3 0 U 4 u 
1 7 5 1 2 2 176 0 1 7 7 0 1 7 8 0 1 ' S 1 2 2 
S A V C X 
1 1 0 7 4 1 1 1 5 0 2 8 U 2 9 0 2 8 1 1 3 9 0 5 0 1 * 4 5 0 5 b 
1 1 5 1 3 4 1 1 6 9 1 2 5 1 1 7 9 1 2 5 1 1 8 4 u s 1 2 6 
1 2 0 9 1 5 2 1 2 1 0 1 2 2 9156 1 2 2 9 1 6 6 1 * 4 0 
S A V t X 
1 6 0 7 2 1 6 1 9 0 4 4 l o 2 9 0 5 4 1 6 2 9 1 * 5 U 4 5 1 7 6 
1 6 5 7 2 1 6 6 9 1 7 8 1 6 7 9 1 6 8 1 6 8 7 1 u s 1 4 4 
S A V t X 
1 3 0 7 4 1 3 1 5 0 7 0 1 2 2 9 0 8 0 1 2 2 9ose 1 - 4 5 1 2 5 
1 3 5 S P 1 2 6 9 1 5 7 1 2 7 5 1 5 7 1 3 8 4 7 U S 1.2 b 
1 4 0 9 1 7 2 1 4 1 0 1 4 2 9 1 7 ? 1 4 2 9 * 0 5 U 4 0 
S A V t X . . . V A L L t 
1 0 0 7 5 1 0 1 9 1 1 0 1 0 2 c 1 5 C 1 0 3 9 1 t 6 U 4 5 2 5 0 
1 U I 3 1 2 9 1 0 6 0 1 0 7 
n loe 
x l 1 ^ 1 4 0 
b A V .- .X N P , . . , - . . . '. A 1 I F 
1 5 0 7 4 1 5 1 9 1 5 5 1 0 2 9 1 7 ? 1 5 2 9 * 6 0 1 - 4 5 2 6 0 
1 5 5 H P 1 5 6 9 2 c 0 1 5 7 0 1 5 8 1 7 1 - 5 1 2 2 
S A V t X N P , . . , . . . . V A L L F 
HQ 7 5 
1 1 1 9 1 f c 6 1 1 2 5 1 6 6 1 1 2 9 * 2 0 1 1 4 5 2 2 0 
1 1 5 1 3 6 1 1 6 9 2 7 5 1 1 7 9 2 - 7 5 1 1 8 4 l i 5 1 4 0 
1 2 0 9 2 9 2 1 2 1 0 1 2 2 9 2 9 6 1 2 2 9 2 0 6 1 * 4 0 
S A V t X 
1 7 0 ' 7 2 1 7 1 9iae 
J 7 2 5 2 1 0 1 7 2 0 1 / 4 
• ' c 1 7 5 1 2 2 1 7 6 0 1 7 7 0 1 7 8 0 1 / 5 1 2 2 
S A V L X 
1 6 0 7 4 1 6 1 
9iea 
1 6 2 5 1 9 ? l b 2 9 * c 0 l c 4 5 2 1 2 
165 
7 3 1 6 6 9 3 l 3 1 6 7 9 7 2 2 1 6 8 c 2 l c 5 1 2 5 
S A V t X 
130 7 5 
1 3 1 
92o5 
1 3 2 9 2 2 0 
12 2 
9 2 2 5 1 0 4 5 2 7 5 
135 
9 0 1 3 6 9 2 C . 8 1 3 7 9 ? 9 P 1 3 8 5 1 1 - 5 1 4 1 
4 0 9 3 1 3 1 4 1 0 1 4 2 9 7 1 2 4 2 9 2 4 6 
14  
0 
S A V t X 
10  7 6 
1 0 1 9 2 * 0 1 0 2 9 2 9 5 1 0 2 9 2 0 6 1 0 4 5 2 5 1 
105 
1 3 0 1 0 6 0 1 0 7 . 0 1 0 8 1 1 l u 9 1 4 1 
S A V t X 
10  7 7 
1 0 1 9 3 g l 1 0 2 5 2 9 1 1 0 2 5 2 9 1 l o 4 5 2 5 1 
105 
0 1 0 6 1 1 0 7 0 1 0 8 0 l o 9 0 
S A V t X 
150 7 5 
1 5 1 9 2 9 0 1 5 2 9 2 1 7 1 5 2 9 4 0 1 1 2 4 5 4 0 1 
15  ue 
1 5 6 9 4 3 1 1 3 7 0 1 5 8 2 2 
1 = 5 
1 4 1 
S A V t X 
1 7 0 7 4 1 7 1 
9323 1 7 2 
9 4 4 5 1 7 2 0 1 / 4 0 
1 7 5 1 2 2 1 7 6 0 1 ,7 7 0 1 7 8 0 
1./5 
1 2 2 
S A V t X 
Ho 7 6 
1 1 1 9 3 0 6 1 1 2 9 7 0 6 1 1 2 9 2 7 1 l i 4 5 2 7 1 
1 1 5 1 3 7 1 1 6 9 4 1 6 1 1 7 5 4 1 6 1 1 8 4 1 * 5 1 4 1 
1 2 0 9 4 3 3 1 2 1 0 1 2 2 9 4 2 7 1 2 2 9 4 4 7 1 * 4 0 
S A V t X 
1 1 0 7 7 1 1 1 9 4 4 7 1 1 2 9 4 4 7 1 1 2 9 4 4 7 1 1 4 9 4 4 7 
15 
0 1 1 6 9 4 4 7 1 1 7 9 4 4 7 1 1 8 0 1 * 5 0 
1 2 0 9 4 4 7 1 2 1 0 1 2 2 9 4 4 7 1 2 2 9 4 4 7 
1*4 0 S A V t X 
1 6 0 7 5 1 6 1 9 3 2 3 1 & 2 9 2 3 "* 1 6 2 9 4 0 1 1 ^ 4 5 4 5 4 
1 6 5 7 2 1 6 6 9 4 5 - 4 1 6 7 9 4 6 4 1 6 6 c 8 1 * 5 1 4 1 
S A V t X 
1 3 0 7 6 1 3 1 9 2 4 6 1 2 2 9 7 6 1 1 2 2 9 2 7 9 1 - 4 5 4 l t 
1 3 5 
ee 
1 2 6 9 * 4 2 8 1 3 7 5 4 2 P 1 2 8 5 2 1 0 5 
1 4 0 
SA V i _ X N r . . . . . , , . . VAL.LF N R . . , , v A L L F 
1 5 0 7 6 1 5 1 5 4 ^ 1 1 3 2 1 5 2 5 2 4 1 1 - 4 5 5 4 i 
1 5 5 H P 1 5 6 5 5 7 1 1 5 7 r. 1 5 8 2 2 1 - 9 U u 
S A V t X N R . • . , . • . . V A L U E 
1 0 0 7 P 1 C l 5 2 5 1 1 0 2 9 4 2 6 1 0 2 5 4 4 7 1 OH 5 5 7 5 
1 0 5 1 7 2 1 0 6 0 1 0 7 r 1 0 8 l l l i i - S 1 8 4 
S A V L X 
1 7 0 7 5 1 7 1 5 4 c 4 1 7 2 9 5 8 6 1 7 2 0 1 ' 4 0 
1 7 5 1 2 2 1 7 6 0 1 7 7 V. 1 7 6 0 1 /9 1 2 . : 
S A V t X 
1 6 0 7 f e 1 6 1 5 4 6 4 l c 2 5 4 7 1 4 1 6 2 5 5 4 1 U 4 5 5 5 4 
1 6 5 7 ? 1 6 6 5 5 9 4 1 6 7 5 6 0 4 1 6 8 c 7 U S 1 4 0 
S A V t X 
U o 7 8 1 1 1 9 4 4 7 1 1 2 9 4 4 7 1 1 2 5 5 5 5 1 * 4 5 5 5 5 
1 1 5 1 8 0 1 1 6 96o0 1 1 7 9 6 C 0 1 1 6 4 U S 1 8 4 
1 2 0 9 6 1 7 1 2 1 0 1 2 2 9 6 2 1 1 2 2 9 c 2 1 U 4 0 
S A V t X 
1 3 0 7 e 1 2 1 9 4 g 6 1 2 2 9 5 4 c 1 2 2 9 5 6 6 1 0 4 5 6 0 0 
1 3 5 9 4 1 2 6 9 6 2 5 1 2 7 9 6 2 5 1 2 8 5 2 U S 1 8 7 
1 - 4 0 9 6 4 0 1 4 1 0 1 4 2 9 6 4 0 1 4 2 9 c 7 2 1 4 4 
S A V t X 
1 0 0 7 9 1 0 1 9 5 7 5 1 0 2 9 6 2 0 1 0 2 9 6 2 1 U 4 5 7 1 7 
1 0 5 1 3 1 1 0 6 0 1 0 7 P 1 0 8 1 1 U S 1 4 2 
S A V t X 
1 7 0 7 6 1 7 1 9 6 0 4 1 7 2 9 7 2 6 1 7 2 0 1 / 4 0 
1 7 5 1 2 2 1 7 6 0 1 7 7 0 1 7 8 0 l / s 1 2 2 
S A V t X 
1 5 0 7 8 1 5 1 9 5 7 1 1 5 2 564c 1 5 2 , 9 7 2 8 1 - 4 S 7 2 t j 
1 5 5 1 1 8 1 5 6 9 7 5 8 1 5 7 P 1 5 8 6 5 u s ie / 
S A V t X 
n o 7 P 1 1 1 9 6 2 1 1 1 2 9 6 2 1 1 1 2 9 6 5 7 U 4 5 6 9 7 
1 1 5 1 2 8 1 1 6 9 7 4 2 1 1 7 9 7 4 2 1 1 8 4 U - J 1 4 * 
1 2 0 9 7 5 9 1 2 1 0 1 2 2 5 7 6 2 1 2 2 9 7 7 2 1 * 4 0 
S A V t X 
1 6 0 7 e 1 6 1 96o4 l c 2 9 6 1 4 1 6 2 9 7 2 8 U 4 5 7 6 i 
1 6 5 7 2 1 6 6 9 7 6 1 1 6 7 9 7 9 1 1 6 8 U 4 u s 1 6 / 
S A V t X 
1 3 0 7 5 1 2 1 9 6 7 2 1 2 2 9 6 P 7 1 2 2 9 7 0 5 1 - 4 5 7 4 * 
1 3 5 ee 1 2 6 5 7 f c 4 1 2 7 9 7 6 4 1 2 8 S i l - ' s 1 2 5 
1 4 0 5 7 7 5 1 4 1 0 1 4 2 9 7 7 c 1 4 2 9 c l 2 1 4 4 
x 0 
S A V t X 
1 0 0 d n 1 0 1 5 7 i 7 1 0 2 9 7 6 2 1 0 2 9 7 7 2 l u 4 seei 
1 0 5 1 2 2 1 0 6 0 1 0 7 0 ioe l l u s 1 4 4 
S A V 0 X N R . . , V A L L F N R „ , , . . . , . V A L L E N R . . • , , . . . V A l . L F i \ H . . • . • . . . V A u L t 
1 5 0 7 q 1 5 1 5 7 5 8 1 5 2 9 7 7 c 1 5 3 9 e c 7 1 = 4 5 8 t ? 
1 5 5 1 1 8 1 5 6 9 6 9 . 7 1 2 7 • P 1 5 c * 1 1 2 5 
S A V t X N R . . . . . , , , V A L L F N R . . . - , . . V A L l E 
1 7 0 7 0 1 7 1 9 7 5 1 1 7 2 9 5 1 7 1 7 2 0 
1 1 4 U 1 7 5 1 2 ? 1 7 6 0 1 7 7 0 1 7 6 0 1 ' 5 1 2 * 
U o 8 0 1 1 1 9 7 7 2 1 1 2 5 7 7 ? 1 1 2 5 c 4 1 1 * 4 9 6 4 i 
1 1 5 1 4 0 1 1 6 5 c g 6 U 7 5 P P 6 1 1 8 4 1 * 5 1 4 4 
1 2 0 9 9 0 2 121 0 1 * 2 9 5 0 7 1 2 3 5 5 1 7 1 * 4 0 
b A V t X 
1 6 0 7 9 161 5 7 5 1 1 C 2 5 P 0 1 1 6 2 5 6 6 7 l « - 4 5 9 2 0 
1 6 5 7 2 1 6 6 9 9 2 0 1 6 7 5 9 3 0 1 6 8 6 6 1 ^ 5 1 2 5 
S A V t X 
1 3 0 8 0 1 3 1 5 8 i 2 122 5 8 2 1 1 2 2 5 c 5 2 1 - 4 5 6 6 c 
1 3 5 9 6 136 9 9 i 2 1 2 7 9 9 1 2 1 2 8 5 2 1 - 5 1 4 6 
1 4 0 9 9 2 7 1 4 1 0 1 4 2 9 9 2 7 1 4 2 5 9 6 0 1 4 4 0 
S A V t X 
1 0 0 8 1 1 0 1 9 8 f c l 1 0 2 5 9 0 6 1 0 2 5 5 1 7 1 * 4 5 5 5 5 
1 0 5 1 2 7 1 0 6 0 1 0 7 0 1 0 8 1 1 1 0 5 1 2 8 
S A V t X (N H . . . . . . . . V A L L t 
1 5 0 8 0 1 5 1 9 8 5 7 1 5 2 5 9 2 7 1 5 3 1 0 0 1 5 1 2 4 1 0 0 1 5 
1 5 5 I I P 156 I 0 0 q 5 1 5 7 0 1 5 8 2 0 1 2 5 1 4 6 
S A V t X 
1 7 0 7 9 1 7 1 5 9 2 0 1 7 2 1 0 0 5 2 1 7 2 0 1 ' 4 0 
1 7 5 1 2 2 176 0 l ' 7 7 0 1 7 8 0 1 / 5 1 2 2 
S A V t X 
U o 8 1 1 1 1 99x7 1 1 2 9 9 1 7 1 1 3 9 9 7 5 1 * 4 5 9 7 5 
1 1 5 1 3 4 1 1 6 1 0 0 2 4 1 1 7 1 0 0 2 4 u e 4 1 * 5 1 2 6 
1 2 U 1 0 0 4 1 1 2 1 0 1 2 2 1 0 0 4 5 1 2 3 1 0 0 5 5 1 * 4 0 
S A V t X 
1 6 0 8 0 1 6 1 9 9 2 0 . 1 6 2 9 9 4 0 1 6 3 1 0 0 1 5 1 = 4 1 0 0 6 6 
1 6 5 7 2 166 1 0 0 6 8 l o 7 1 0 0 7 8 1 6 8 7 5 l«-5 1 4 6 
S A V t X 
1 3 0 8 1 1 3 1 9 9 c 0 1 2 2 9 9 6 9 1 2 2 5 5 6 7 1 = 4 1 0 0 2 4 
1 3 5 eg 136 I O O 4 6 1 3 7 1 0 0 4 6 1 3 8 4 6 1 - 5 1 2 4 
1 4 0 1 0 0 6 1 1 4 1 0 1 4 2 1 0 0 6 1 1 4 2 1 0 0 5 4 l i 4 0 
S A V t X 
1 0 0 e2 1 0 1 9 9 9 9 1 0 2 1 0 0 4 4 1 0 2 1 0 0 5 5 l v 4 1 0 1 2 5 
1 0 5 1 2 9 1 0 6 0 1 0 7 ri 1 0 8 1 1 l u 5 1 4 0 
S A V t X 
1 5 0 ei 1 5 1 1 0 0 ^ 5 1 5 2 1 0 0 6 1 1 5 2 1 0 1 4 5 1 - 4 1 0 1 4 9 
1 5 5 h p 1 5 c 1 0 1 7 5 1 5 7 P 1 5 8 1 6 1 - 5 . 1 2 4 
S A V r X 
1 1 0 8 2 1 1 1 .1 0 0 5 5 1 1 2 1 1 2 1 0 1 1 5 1 A 4 1 0 1 1 5 
l i b 1 3 6 1 1 6 1 0 1 6 4 1 1 7 1 0 1 6 4 l i d 4 l l 1 ! 1 4 0 
1 2 0 1 0 1 8 1 1 2 1 0 1 2 2 J. 0 1 P c 1 2 2 1 0 1 5 5 1*4 
S A V C X N R , „ , , r e . . V A L L E 
1 7 0 8 n 1 7 1 1 0 0 7 8 1 7 2 1 0 2 0 0 1 7 2 0 l , / 4 0 
1 7 b 1 2 2 ' 7 6 0 1 7 7 C 1 7 8 0 1 ' 9 1 2 * 
S A V t X 
1 6 0 8 1 1 6 1 1 0 0 7 8 l c 2 1 OOPP 1 6 3 1 0 i 4 5 l t - 4 1 0 2 0 2 
1 6 b 7 2 1 6 6 1 0 2 0 2 1 6 7 1 0 2 1 2 l e a 6 1 I C S 1 3 4 
S A V L X 
1 3 0 8 2 1 3 1 1 0 0 5 4 1 2 2 1 0 1 0 5 1 3 2 1 0 1 2 7 1 - 4 1 0 1 6 4 
1 3 5 8 8 1 2 6 1 0 1 8 6 1 2 7 1 0 1 B 6 1 2 8 5 2 1 0 5 1 4 0 
mo 1 0 2 0 1 1 4 1 0 1 4 2 1 0 2 0 1 1 4 2 1 0 * 2 4 l - » 4 ci 
S A V t X 
1 0 0 8 3 1 0 1 I O I 3 S 1 0 2 i o i e 4 1 0 2 1 0 1 5 5 l u 4 1 0 2 7 9 
1 0 5 1 2 9 1 0 6 0 1 0 7 n 1 0 6 1 1 l o 5 1 4 0 
S A V t X 
1 5 0 8 ? 1 5 1 1 0 1 7 « 3 1 5 2 1 0 2 0 1 1 5 2 1 0 * 6 5 1 - 4 1 0 2 8 9 
1 5 5 n e 1 5 6 1 0 3 i 9 1 5 7 C 1 5 8 £ * 1 - 5 1 4 u 
S A V t X 
1 7 0 8 1 1 7 1 1 0 2 1 2 1 7 2 1 0 2 3 4 1 7 2 0 1 / 4 
1 7 5 1 2 2 1 7 6 0 17 7 0 1 7 8 0 1, / S 1 2 * 
S A V t X 
He : ,8 3 1 1 1 1 0 1 5 5 1 1 2 1 0 1 5 5 1 1 2 1 0 * 5 5 1 * 4 1 0 2 5 5 
1 1 5 1 3 6 1 1 6 1 0 3 0 4 1 1 7 i n - » 0 4 1 1 6 4 l i . 5 1 4 0 
1 2 0 1 0 3 2 1 1 2 1 0 1 2 2 1 0 2 2 5 1 2 2 1 0 2 3 5 1 * 4 0 
S A V t X 
1 6 0 8 2 1 6 1 1 0 2 i 2 1 6 2 1 0 2 2 2 1 6 2 1 0 * 8 5 l c 4 1 0 2 4 2 
1 6 5 7 3 1 6 6 1 0 3 4 2 1 6 7 1 0 3 5 2 1 6 8 6 7 l t - 5 1 4 0 
S A V t X 
1 3 0 8 2 1 3 1 1 0 2 2 4 1 : 2 1 0 2 4 9 1 2 3 1 0 2 6 5 1 - 4 1 0 2 C 4 
1 3 5 9 2 1 3 6 1 0 3 2 8 1 2 7 1 0 3 2 8 1 3 8 5 0 1 - 5 1 4 2 
1 4 0 1 0 2 4 3 1 4 1 0 1 4 2 1 0 ^ 4 3 1 4 3 1 0 2 7 6 1 4 4 0 
S A V t X 
1 0 0 8 4 1 0 1 1 0 2 7 5 1 0 2 1 0 2 2 4 1 0 3 1 0 2 3 5 l u 4 1 0 4 1 6 
1 0 5 1 2 8 1 0 6 0 1 0 7 n 1 0 6 1 1 1*J5 1 2 5 
S A V C X 
1 0 0 8 5 1 0 1 1 0 4 1 8 1 0 2 1 0 4 1 P 1 0 3 1 0 4 1 6 104 1 0 4 1 6 
1 0 5 0 1 0 6 1 1 0 7 0 1 0 c 0 1 ^ 9 0 
S A V t X 
1 5 0 8 2 1 5 1 1 0 3 i 5 1 5 2 1 ^ 2 4 2 1 5 3 1 0 4 2 1 1 - 4 1 0 4 3 i 
1 5 5 n e 156 1 0 4 6 1 1 5 7 o 1 5 8 2 4 1 — *5 1 4 * 
S A V L X M 
1 7 0 &2 1 7 1 1 0 2 5 2 1 / 2 1 0 4 7 4 1 7 2 0 1/4 0 
1 7 5 1 2 ? 1 7 6 0 1 7 7 r 1 / 8 0 1 , ' 5 1 2 2 
N R . . . , . , . . V A L L F N R , . . . V A ' L l F ! \ R . . • , . . . . V A L I T 
U o 8 4 1 1 1 1 0 2 2 5 1 1 2 1 0 3 7 5 U 2 1 0 2 5 e 1*4 1 0 3 5 c 
1 1 5 1 2 5 1 1 6 1 0 4 4 2 1 1 7 1 0 4 4 3 1 1 8 4 1 * 5 1 2 5 
1 2 0 1 0 4 6 0 121 0 1 2 2 1 0 4 6 4 122 1 0 4 7 4 1 * 4 u 
S A V t X . . . V A L L F • 
U O 8 * 1 1 1 1 0 4 7 4 1 1 2 1 0 4 7 4 1 1 2 1 0 4 7 4 1X4 1 0 4 7 4 
1 1 5 0 116 1 0 4 7 4 1 1 7 1 0 4 7 4 1 1 8 0 1 * 5 0 
1 2 0 1 0 4 7 4 121 0 1 *2 1 0 4 7 4 1 2 2 1 0 4 7 4 1 * 4 L 
S A V t X 
1 6 0 8 2 161 1 0 2 5 2 1 6 2 1 0 7 6 2 l o 2 1 0 4 2 1 l t 4 1 0 4 8 4 
1 6 5 7 3 1 6 f c 1 0 4 6 4 1 6 7 1 0 4 9 4 1 6 8 6 9 1 ^ 5 1 4 2 
S A V t X 
1 3 0 8 4 121 1 0 2 7 6 122 i07ee 122 1 0 4 0 6 1 2 4 1 0 4 4 2 
135 8 f i 1 3 6 1 0 4 f c 5 1 2 7 1 0 4 6 5 1 2 6 4 9 1 2 9 1 2 7 
1 4 0 1 0 4 8 0 1 4 1 0 1 4 2 1 0 4 8 0 1 4 2 1 0 2 1 2 1 4 4 0 
S A V t X 
1 5 0 8 4 151 1 0 4 6 1 1 5 2 1 0 4 8 0 1 5 2 1 0 = 6 8 124 1 0 5 6 6 
155 H P 1 5 6 1 0 5 9 8 1 5 7 0 1 5 6 1 9 1 2 5 1 2 7 
S A V t X 
1 0 0 8 6 1 0 1 1 C 4 1 8 1 0 2 1 0 4 6 7 102 1 0 4 7 4 1 * 4 1 0 5 5 5 
105 170 1 0 6 n X « ' 0 l o e 1 1 l o 5 1 8 1 
S A V t X N R . • • . . . 0 , V A L L F 
1 0 0 87 1 0 1 - 1 0 5 9 5 l 'o 2 1 0 5 9 5 ;, 1 0 2 1 0 5 9 9 1 * 4 1 0 5 9 9 
1 0 5 0 1 0 6 * 1 1 0 7 C 1 0 8 0 l u 5 0 
S A V t X 
1 0 0 8 P 1 0 1 1 0 5 9 9 1 0 2 1 0 5 9 9 1 0 2 1 0 5 5 9 1 * 4 1 0 5 5 5 
1 0 5 0 1 0 6 1 1 0 7 0 1 0 8 0 1 * 5 u 
S A V t X 
1 7 0 8 2 171 1 0 4 9 4 172 1 0 6 1 6 172 0 1 . / 4 0 
175 122 1 7 6 0 1 7 7 0 1 7 8 0 1 . / 5 1 * 2 
S A V t X 
1 6 0 8 4 161 1 0 4 9 4 l o 2 1 0 5 0 4 1 6 2 1 0 5 c 8 124 1 0 6 2 1 
1 6 5 7 3 1 6 6 1 0 6 2 1 1 0 7 1 0 6 2 1 1 6 6 c 4 1 * 5 1 2 7 
S A V C X 
1 1 0 8 6 1 1 1 1 0 4 7 4 1 1 2 1 0 4 7 0 1 1 2 1 0 2 7 9 1X4 1 C 5 7 5 
1 1 5 177 1 1 6 1 0 6 2 4 1 1 7 1 0 6 2 4 1 1 6 4 1 x 5 1 8 i 
1 2 0 1 0 6 4 1 121 0 1 2 2 1 0 6 4 5 122 1 0 c 5 5 1 * 4 0 
S A V t X 
1 1 0 8 7 1 1 1 1 0 6 ^ 5 1 1 2 1 0 6 5 5 1 1 2 1 0 c 5 5 1 x 4 1 0 6 5 5 
1 1 5 0 1 1 6 1 O 6 5 5 1 1 7 1 0 6 5 5 1 1 6 0 1 x 5 u 
1 2 0 1 0 6 5 5 . 121 0 1 * 2 1 0 6 5 5 1 2 2 1 0 t 5 5 1 * 4 0 
S A V t X 
U O 8 8 1 1 1 1 0 6 5 ? 1 1 2 1 0 6 5 5 1 1 2 1 0 c 5 5 1 x 4 1 C 6 5 5 
P 1 1 6 1 0 6 5 5 1 1 7 He 0 1 * 5 0 
I 2 u l O f c b 1 - 1 2 1 0 1 2 2 1 2 2 1 0 c b 5 1 * 4 0 
S A V t X 
1 3 0 ee 1 2 1 1 0 b l 2 1 2 2 1 0 c 6 c 1 2 2 1 0 u c 7 1 - 4 1 C 6 2 4 
12b ee 1 2 6 1 O 6 4 6 1 2 7 1 0 6 4 6 1 2 8 5 2 1 0 5 1 8 1 
1 4 0 1 0 6 6 1 1 4 1 0 1 4 2 1 0 6 6 1 1 4 2 1 0 c 5 4 1 4 4 0 
S A V t X 
1 7 0 8 4 1 7 1 1 0 6 2 1 1 7 2 1 0 7 5 2 1 7 2 G 1 ' 4 u 
175 1 2 2 1 7 6 0 1 7 7 r 1 7 8 0 l . « 5 1 * 2 
S A V L X 
150 ee 1 5 1 10b58 1 5 2 1 C 6 6 1 152 1 0 7 4 5 1 - 4 1 G 7 4 5 
1 5 5 ne 1 5 6 1 0 7 7 9 157 0 1 5 8 6 2 1 0 5 1 8 1 
S A V t X 
1 6 0 1 6 1 1 0 6 2 1 1 6 2 1 0 6 4 1 162 10745 l c 4 ioeo2 
1 6 5 7 3 1 6 6 1 0 8 0 2 1 6 7 1 0 8 1 2 1 6 8 ioe l c S 1 8 1 
S A V t X 
1 0 0 eq 1 0 1 1 0 5 5 9 1 0 2 1 0 6 2 4 1 0 2 1 0 c 5 5 l u 4 1 C 6 2 2 
105 203 1 06 1111 1 0 7 C 1 0 8 a 
l u S 2 2 4 
S A V t X 
Uo eq 1 1 1 1 0 6 5 5 1 1 2 1 0 6 5 5 1 1 2 1 0 6 0 2 1*4 ioec2 
115 2 2 3 1 1 6 10878 1 1 7 1 0 8 7 8 1 1 6 0 1 x 5 2 2 2 
1 2 0 1 0 8 7 8 1 2 1 
un 
1 2 2 1 0 8 7 8 1 2 2 1 0 8 7 8 1 * 4 G 
S A V t X N R . • • , 0 0 . V A L L ' F . 
1 7 0 8 6 1 7 1 ioei2 172 1 0 9 2 4 172 0 1 . 4 0 
175 1 2 ? 1 7 6 0 1 7 7 0 178 0 U s 1 2 * 
S A V t X 
loo 9 0 1 0 1 10622 1 0 2 1 0 8 6 8 1 0 2 10678 1 0 4 1056 2 
105 129 1 0 6 0 1 0 7 c 1 0 8 1 0 l o S 125 
S A V t X 
Uo 9 0 1 1 1 1 0 8 7 8 1 1 2 1 0 8 7 8 U 2 1 0 5 4 2 1 * 4 1 0 5 4 * 
115 1 2 6 1 1 6 10587 1 1 7 1 0 9 8 7 ue 4 1 * 5 1 4 0 
1 2 0 1 1 0 0 4 1 2 1 0 1 2 2 1 1 0 0 8 122 1 1 0 1 8 1 - . 4 0 
S A V t X 
1 2 0 9 0 1 2 1 1 0 8 2 2 1 2 2 1 0 8 2 2 122 1 0 6 4 1 1 - 4 iose7 
135 8 8 1 2 6 11005 1 2 7 U 0 0 5 12a 1 4 6 1-S 2 2 4 
1 4 0 1 1 0 2 4 1 4 1 0 1 4 2 1 1 0 2 4 142 1 1 0 5 7 1 4 4 0 
S A V t X 
1 0 0 5 1 1 0 1 1 0 5 f c 2 1 0 2 1 1 0 0 7 1 0 2 l l u i e l u 4 1 1 1 0 2 
1 0 5 1 2 9 1 0 6 0 1 0 7 n 1 0 6 " 1 1 l o S 1 4 0 
S A V t X 
1 5 0 5 0 1 5 1 10622 1 5 2 1 1 0 2 4 1 5 2 1 1 1 1 2 1 - 4 1 1 U * 
1 5 5 1 1 " 1 5 6 1 1 1 4 2 l b 7 P 1 5 8 * 0 l l o S 2 1 5 
b A V t X 
U o 5 l 1 1 1 1 icie U 2 l ine 1 1 2 l l L . 6 2 1 * 4 1 1 0 8 * 
ro 
b A V c X 
1 1 5 I 2 e 1 1 6 1 H i ? 1 1 7 1 1 1 ? 7 1 1 8 4 1 J.S 1 4 0 
I 2 n 1 1 1 4 4 1 2 1 0 1 2 2 1 1 1 4 P 1 2 3 1 1 i 2 c 1 «. 4 0 
. . . V A L L F . , , . . V A L L E N R . . , , . , . e V A I l . F V A L L t 
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U 0 1 0 6 1 2 0 0 12 0. 0 1 4 * 1 0 1 5 0 0 
1 6 0 0 1 7 0 0 1 8 O i 0 1 5 v 1 0 2 0 0 1 0 6 
2 1 0 e& 2 2 0 8 1 22 0 C 6 2 4 u 8 6 2 5 0 8 6 
2 6 0 8 6 2 7 0 1 0 6 2 8 O i I06 2 5 * 1 0 6 2 0 c 1 0 6 31 0 2 0 2 2 0 2 0 32 OI 2 0 2 4 * 2 0 i t 0 1 0 6 
2 6 0 8 6 2 7 0, 8 6 3e OI 5 2 5 * 8 1 4 0 O i 6 6 
H I 0 6 6 4 2 0 8 1 47 0 6 1 4 4 * 8 1 4 5 0 6 1 
4 6 0 1 0 6 4 7 0 1 0 6 4 8 0 1 0 6 4 5 u 1 0 6 5 0 0 1 0 6 
5 1 0 1 5 2 0 1 51 0 1 5 4 u 1 0 1 
5 6 0 1 5 7 0, 1 5 8 O i 1 5 9 * 1 0 60 . • 0 1 1 
6 1 0 1 6 2 0 0 6 7 0 0 6 4 * 0 6 5 0 C 
6 6 0 0 6 7 0 0 6 8 0 0 t 5 u 0 7 0 L 1 0 6 
7 1 0 1 0 6 7 2 0 1 7 2 O i 0 7 4 u 1 0 6 7 5 c 1 0 6 
7 6 0 1 0 6 7 7 0 8 1 7 8 OI ai 7 5 * ei 8 0 0 1 1 0 6 8 1 0 0 8 2 O i 0 P7 OI 0 6 4 u 0 es 0 ' 1 0 6 86 0 66 8 7 0, 86 8 8 0 1 e 6 fc9 * ei 5 0 0 1 0 
9 1 0 5 9 2 O i 0 91 O i 0 5 4 * 0 5 5 O i 8 6 
9 6 0, 6 6 9 7 0 1 8 6 9 8 OI c 6 5 5 * 1 8 c 1 0 0 0 1 ee 1 0 1 0 86 1 0 2 U 1 8 6 1 0 7 OI C 6 1 0 4 u 6 6 l C c 0 6 6 
1 0 6 0, 66 1 0 7 U i 8 6 1 0 8 0 1 1 * 6 1 0 5 1 0 6 U O 0 1 0 6 111 0, 2 0 H 2 0 1 2 0 1 1 7 0 1 2 0 1 1 4 * 2 0 1 1 5 c 2 0 
1 1 6 0, 2 0 U 7 O i 2 0 I I P u 1 2 0 1 1 5 * 2 0 1 2 0 0 0 
1 2 6 0 n 1 2 7 0 0 1 2 P 0 I06 1 2 5 u 1 0 c 1 2 0 0 1 C 6 1 2 1 0 He 1 2 2 0 1 0 6 1 7 2 0 1 u6 1 2 4 * 1 0 6 1 2 2 0 1 0 6 
1 2 6 0 1 0 6 1 2 7 0 1 0 6 1 2 8 O i i o 6 1 2 5 1 0 6 1 4 u L 0 
1 4 6 0 t6 1 4 7 0 1 8 6 1 4 P 0 1 C 6 1 4 9 * 66 l E o L ei 1 5 1 c 66 1 5 2 0 86 1 5 3 0 tt 1 5 4 * 86 1 5 5 0 8 6 
1 5 6 c 66 1 - 7 0 86 t c P 0 6c 1 5 5 l e u L e6 
I c . ! 
0 r r 6. 1 v ? u • "~ I r ' 0 • e t i c 4 0 , 8 > 1 t j u • 6 6 
l f c t 0 . V r ' IR7 0 • PK 1 6 8 0 » 6 c U -9 R 8 1 7 ; J 0 « 8 6 
171 0 . 
I T. 
1 ) 2 u . r, (-. 1 73 u » i : t i 7 4 - R 17- I • 5 1 7E 0 , 5 177 d 1 rt 1 7 8 0 ' 0 179 L t iec I t C 1 5 6 0 , 66 U7 
0 t 1 5 8 0 t t : 6 155 V . 8 1 2 t 0 L t e i 2 0 1 0 , 6 1 2 i j 2 •J t a « 5 0 7 0 » t l 2 C 4 v R 8 1 . 2 C 5 0 R e i 
2 0 6 0 , 6 1 2 0 7 0 1 l r . POP OR 1 u 6 <:o5 * R 1 0 6 ' 2 1 u 0 R 1 0 6 
2 1 1 0, 1 C 6 2 1 2 0 1 0 2 1 ? 0. 0 clt u R 2 1 5 0 R 0 2 2 1 o. 0 222 0 1 n •~i ^ T OR 0 2 2 4 * R ei 2 2 5 0 R e i 
2 2 6 0, 6 1 22 7 GI 8 1 ??P •J t 6 1 2 2 9 * » e i 2 2 0 0 R 8 1 
2 2 1 o, c 1 222 0 . 9 1 ?3? 0 R 6 1 * C 4 u R ei 2 2 5 0 R e i 
2 2 6 . 0 . 0 227 0 1 0 ? 3P 0 R fcl 2 3 9 u R e i . 2 4 0 0 R 8 1 
2 4 1 0, 6 1 2 4 2 0 R 8 1 2 4 2 0 . 6 1 *44 u R ei . 2 4 5 0 R 1 6 2 
2 4 6 0, 8 1 2 4 7 OR 8 1 2 4 8 0 R 6 1 2 4 9 0 R e i 2 5 u 0 R e i 
2 5 1 OR 6 1 252 OR 8 1 2 5 2 OR fcl * 5 4 u R 8L 2 5 5 0 R e i 
2 5 6 0. 2 4 3 2 5 7 0 R 8 1 2 5 8 0 R t i l 2 5 5 UL 2 6 0 0 R e i 
2 6 1 0, 6 1 262 U R 8 1 2 6 2 0 R 6 1 < -64 u R 1 6 2 2 6 5 C R 8 1 
2 6 6 0, 8 1 2 6 7 OR 8 1 ~-tP OR fcl 2 c 9 * R e i 2 7 0 0 R e i 2 7 i 0, 8 1 272 OR 8 1 2 7 3 0 R fcl t 7 4 u R 81 2 7 5 * » 8 1 
2 7 6 0, 8 1 277 0* 2 4 3 2 7 8 OR 6 1 * 7 5 u R e i 2 6 0 C R e i 
2 8 1 0, 6 1 262 OR 8 1 9 8 3 0 R 6 1 * 6 4 u R 2 6 5 0 R 0 
2 9 6 0, 0 2 9 7 OR 0 2 9 8 QR 0 2 5 5 u R 2 0 0 0 R e i 
3 0 1 0, 6 1 3 0 2 OR 8 1 707 OR 6 1 2 0 4 u R ei 2 C 5 i R e i 
3 0 6 OF 6 1 3 0 7 OR 8 1 7 0 8 OR cl 2 0 9 VJ R 81 2 1 0 L R e i 2 U 0, 8 1 212 0 R 8 1 7 1 7 OR 0 2 1 4 * R e i 2 1 5 0 R e i 
3 1 6 0, 6 1 2 1 7 OR 8 1 7 1 8 OR 6 1 2 1 9 u R 8 1 2 2 0 CR e i 
2 3 6 0, 0 227 OR 0 7 7 8 OR 0 2 2 9 u R e i 2 4 0 CR e i 
3 4 1 0, e i 2 4 2 C , 8 1 747 0 R 6 1 2 4 4 u R 8 l 2 4 5 LI e i 
3 4 6 0, 8 1 2 4 7 OR 8 1 T 4 8 0 R 6 i 2 4 9 u R e i 2 5 0 0 R e i 
3 5 1 o, 8 1 3 5 2 OR 8 1 75 7 OR e i 2 5 4 0 R 8 l 2 5 5 0 R e i 
3 5 6 OI 8 1 2 5 7 0 R 0 7 5 8 OR 6 l 2 5 9 u R f. 2 6 o OR 0 
3 6 1 0, 0 262 0 R 0 7 6 7 OR 0 2 t 4 0 R 8 1 2 6 s 0 R 2 4 2 
3 6 6 0, 8 1 2FC7 OR 8 1 7 6 8 OR til 2 6 9 0 R 8 1 2 7 u 0 R 1 6 2 3 7 1 0, 8 1 272 OR 8 1 777 0 R 6 1 2 7 4 0 R 8 l 2 7 2 0 R e i 
2 7 6 0, 1 6 2 277 OR 8 1 7 7 8 OR 6 1 2 7 9 * R 8 1 2 6 0 0 R 6 1 
3 8 1 0, 0 2g2 OR 1 6 2 7 8 7 OR fcl 2 6 4 u » 2 6 5 0 R 0 
3 9 6 0. 0 2 9 7 OR 0 7 9 8 OR til 2 9 9 * R 8 1 4 0 0 C R 6 1 
4 0 1 0, 8 1 H o 2 OR 8 1 4 0 2 0 R 6 1 4 0 4 u R 8 1 4 C 5 0 R 0 
4 0 6 0, 8 1 4 0 7 0 R 0 4 0 8 0 R 0 4 0 9 u R 8 1 4 1 0 0 R 6 1 
4 1 1 0, 8 1 4 l 2 OR 8 1 4 1 7 0 R fcl 4 1 4 * R 8 1 4 1 5 0 R e i 
4 1 6 0, 6 1 4 1 7 OR 0 4 1 8 OR 0 4 1 9 * R 4 2 C U 1 0 
4 2 1 0, 0 4 2 2 0 R 0 4 2 7 0 R 0 4*4 0 R 8 l 4 2 5 0 R e i 
4 2 6 0, 6 1 427 OR 8 1 4 2 8 0 R fcl 4 2 9 0 R 8 l 4 2 u C R e i 
4 3 ] 0, 6 1 4 3 2 OR 8 1 4 77 OR fcl 4 2 4 u R ei 4 2 5 0 R e i 
4 3 6 0, 6 1 4 3 7 U R 8 1 4 3 8 OR e i 4 2 9 • 0 R e i 4 4 o C R e i 
4 4 1 0, fcl 4 4 2 OR 8 1 4 4 3 OR t i 444 * R e i 4 4 5 0 R 2 4 2 
4 4 6 0, 8 1 447 0 R 8 1 44e 0 R c l 4 4 5 u R e i 4 5 0 0 R e i 
4 5 1 0, c l 4^2 0 R 4 " 5 3 0 R 4 4 5 4 - R 4 5 - 0 I 1 
4 5 6 0, 0 4 ^ 7 0 R 0 4 5 8 0 R 0 4 5 9 0 R 4 6 0 0 1 e i 
4 6 1 0, 8 1 4 6 2 OR 8 1 4 6 7 OR t l 4 6 4 U R e 1 4 6 c 0 1 6 1 
4 6 6 o> 8 1 4FC7 OR 8 1 4 6 8 0 R c l 4 c 9 u R e i 4 7 u L 1 e i 
4 7 1 o, 6 1 4 7 2 0 R 8 1 4 7 7 0 R e l 4 7 4 u R f; 4 7 5 0 1 c 
4 7 6 0 , n 4 7 7 0 R 0 4 7 8 0 R 0 4 7 9 * R 0 1 e i 
4 6 1 0 , 6 1 4 6 2 0 R 8 1 4 8 7 J R c l 4 6 4 u R ei 4e^ 0 1 6 1 
4 6 6 0 , e l 4FC7 0 R " 1 U PP 0 > c l 4 6 5 * R e 1 4 5 o 0 1 0 
4 9 6 0 , 0 497 u R n ncp 0 R 0 4 5 5 u R 5 0 0 L ' 8 1 
501 
0 t 6 1 5 c2 0 , 8 1 c 0 7 0 R c l 5 0 4 u R 8 1 5 C 5 L 1 e i 
ro 
•  [J c r j. 5 ,; 7 0 . 8.1 
2 0." ',: . 
U 
~ o 5 
w r 81 
5 U 
L r Si 1 ! 0 , .: L r.]2 Li r 
0 
-13 •J > li 
5 1 4 
u » 
I. 5 1 5 l. » 0 
..2 I 
0 t : .;2 0 ' 0 
P. ™ T 0 > 0 
3*4 0 » (i 
5 * 5 u » 
ei 52f- 0 . e 1 *: A' ? 
G . « i 
e?p 
J » fcl 3 2 5 . 
0 ' ei 
5-2 i] 
L t ei 53] 
0 - 1 1 2 £ 
U • c 1 c: •» * 
0 » 0 - 2 4 '-> « 5 2 5 
0 t 
0 




o ; p C 3P 0 » 0 5 2 5 u » 0 5 4 u 
0 > 
1 0 6 
5 4 1 0 . n 5 a 2 
U r 
n 
c4;» U r 0 
5 4 4 
0 t 
5 4 5 L » 
ice 5"4fc 0 , 5 5 a 7 0 » 0 ' 
5 5 4 9 k> » L> 5 5 0 0 » 1 0 6 
S A V C X N R . . . , . • , , V A | _ l F N R , , . , . . . , V A L L E N R , . . . , . . , v 4 L I F N R . . . . 
. , . . VAL.lt i\H . , , . 
. . . . V A L L t 




4 6 5 C O 
c 1 0 • 7 P c 5 S c t O 
i. 0 
5 5 2 0 
1 1 8 0 
12 
0 1 2 Pi i 4 0 A £ 
1 6 7 l c 7 2 
1 7 0 1 8 . . 0 1 5 0 «-U 
2 1 5 n 2 2 c O 2 2 l O f 2 4 e 5 * C 9 0 
2 6 10 2 7 •» * P c; 2 5 0 - U 10 
2 1 0 
32 
0 2 2 0 2 4 0 l o 
4 1 5 0 4 2 6 0 4 2 
106 
4 4 6 5 6 0 
4 6 1 0 4 7 t 4 P c 4 5 0 
- 0 0 
5 1 U 5 2 0 5 2 
0 
5 4 0 - c u 
6 c 
0 
6 7 0 fe8 0 6 5 0 
.'0 
l o 
5 6 0 9 7 0 S R 0 5 5 
c 
l u u l o t 
1 0 1 1 2 7 7 4 1 0 2 1 2 8 1 9 1 0 2 1 2 8 2 0 1 0 4 1 2 5 1 5 l u c 1 2 0 
1 0 6 0 1 0 7 0 1 0 6 1 1 1 0 5 1 4 1 1 * 0 l C c 
U l 
12e30 12 
1 2 8 3 0 1 1 2 
1 2 6 9 c 
1 1 4 1 2 6 5 5 1 * 3 
137 1 1 6 1 2 5 4 0 1 1 7 1 2 9 4 0 lie 
U 1 1 5 1 4 1 1 * 0 1 2 5 5 7 
1 2 1 
0 
1 2 2 1 2 9 6 1 1 2 2 1 2 9 7 1 1 2 4 0 1 * 3 0 
126 0 127 
0 1 2 8 C 1 2 5 0 
1-0 
1 0 6 
1 3 1 
I2e72 
1 2 2 1 2 8 6 5 1 2 2 1 2 9 0 6 1 2 4 1 2 S 4 0 1 - = 5 4 
1 3 6 1 2 9 6 F 1 3 7 1 2 9 6 5 1 2 8 4 6 1 2 5 1 4 0 l i G 1 2 5 6 0 
1 4 1 0 1 4 2 
]25eO 
1 4 2 1 2 0 1 2 1 4 4 0 1 - + 5 0 
1 4 6 0 1 4 7 0 
14e 
0 1 4 5 0 
1-0 
1 0 c 
1 5 1 1 2 9 5 8 
152 l25e0 
1 5 2 
1 2 0 6 8 
1 5 4 1 2 0 6 8 1 3 5 U d 
1 5 6 1 3 0 9 P 1 5 7 0 1 5 8 2 2 1 5 5 1 4 0 I c O l C c 
1 6 1 1 2 9 9 1 1 6 2 1 3 0 0 1 1 6 2 
1 2 0 6 P 
1 6 4 1 2 1 2 1 l c 5 
72 1 6 6 1 3 1 2 1 1 6 7 1 3 1 3 1 ice 
6 7 1 6 5 1 4 0 1 / 0 1 0 c 
1 7 1 1 3 1 2 1 1 7 2 1 3 2 5 2 1 7 2 0 1 7 4 0 1 , / - 1 2 2 
1 7 6 0 1 7 7 0 1 7 8 0 1 7 5 1 * 2 1<-U 0 
1 8 1 1 0 6 1 8 2 0 1 8 2 n 1 8 4 0 l c c 0 
E A C l L l T Y A V E R A G E N U M B E R flVERAGc T R A N S STNaNS nr utilzation entries tve/tranc 1 .8855 106 12l.7c ij c 
2 .oep5 P6 15.op 0 0 
3 .0590 8 6 1 0 . O o 0 0 4 .0590 86 10.Oo 0 0 5 .0556 ei 10.Oo 0 0 7 .0000 86 «°0 0 0 9 .0590 86 10.Oo 0 0 10 .0590 86 10.Co 0 0 11 .0590 86 10.GQ 0 C 12 .0590 86 10.Oo 0 0 20 .88=3 106 122.7 0 0 
2 2 .UPO 86 20. 0  0 0 . 23 .0278 8 1 5.0o 0 0 24 .0 00 86 . O n 0 0 ^ 25 .185*' 86 22.lf U 0 ro 
2 6 - j l ; - 4 6 6 5 , U c u >:. 
2 7 • H P o s 6 2 0 . 0 0 ,j 
2 8 - 0 5 c 0 P r 1 0 - 0 , - ; 0 1. 
2 9 . 0 0 P 6 5 2 5 . 0 Q 0 0 
2 0 , 0 0 6 * 5 5 , ' O . O r , 0 0 
^ n g T i| 8 1 1 5 , 0 n 0 c 
2 6 , 0 i 0 0 P I 5 . ON u 0 
2 7 , 0 5 5 6 8 1 10. O n Ij 0 
4 5 , 8 7 i « 8 1 u : , 7 c 0 0 
H 7 , 0 0 6 . 6 8 1 1 - 1 5 0 u 
«*e • 0 5 5 6 8 1 10. O N 0 0 4 9 , 0 4 u 5 8 1 8 . O 0 0 0 
5 0 , 0 2 7 8 8 1 5 . 0 n . 0 0 
51 . 0 9 4 5 8 1 1 7 . O n 0 0 
52 . 0 1 1 1 8 1 2 . O N 0 0 
53 . 0 1 1 1 8 1 2 - 0 o 0 0 
5 4 . 0 1 6 ? 8 1 3 . O n 0 0 
55 . O l l l e i 2 . O n u 0 
5 6 . 0 0 6 6 e i l . i q 0 0 
57 . 0 1 6 ? 81 3 . O n 0 0 
56 . 0 8 3 4 8 1 1 5 . O n 0 0 
59 . 0 2 7 8 8 1 5 . O n 0 0 
6 0 . 0 4 4 5 8 1 8 . 0 Q 0 c 
6 1 , 0 2 7 8 81 5 .0o 0 0 
6 2 . 0 1 6 7 81 2 . O n 0 0 
6 3 . 0 5 5 6 8 1 1 0 . O n 0 0 
6 4 . 0 5 5 6 81 1 0 . O n 0 0 
75 . 8 9 5 0 8 1 1 6 1 . O q 0 0 
7 6 .027e e i 5 . C 0 u c 
77 .0278 81 5 . O n 0 0 
78 . 0 2 7 8 8 1 5 . O Q 0 0 
79 . 2 2 2 2 81 4 0 . O Q 0 0 
8 0 . 0 2 7 8 ei S . O Q 0 0 
8 1 . 0 5 5 6 81 1 0 . O n 0 0 
8 2 . 0 2 7 8 8 1 5 . 0 Q 0 c 
95 . 8 9 9 5 81 1 6 1 . 8 C 0 0 
9 6 .0000 8 1 . O O 0 0 
98 .0556 81 1 0 . O O U 0 
1 0 4 .0556 8 1 1 0 . O O 0 c 
105 . 0 2 7 8 81 5 .00 0 0 
106 .1000 81 1 8 . O O 0 0 
1 0 7 . 0 5 5 6 8 1 1 0 . O O 0 0 
1 0 8 . 0 5 5 6 8 1 1 0 . O O 0 U 
1 0 9 . 0 5 5 6 81 1 0 . O O 0 0 
110 . 0 5 5 6 e i 1 0 . O O 0 0 
112 . 0 8 3 4 81 1 5 . O n 0 0 
1 2 0 . 6 7 8 1 81 122.0c 0 0 
121 . O l l l 81 2 . 0 0 0 0 
122 . 0 2 7 8 ei 5 . 0 0 0 0 
123 - . 0 5 5 6 81 1 0 . OO 0 0 
1 2 4 . 0 2 7 8 3 1 * . O o 0 0 
1 2 5 . 0 5 5 6 8 1 10.ON 0 RI 
1 2 6 . 0 9 4 5 8 1 1 7 . 0 O 0 0 
1 2 7 . 1 2 8 ? 8 1 2 5 . O n 0 0 
1 2 6 . 0 2 7 8 8 1 5 . O n 0 0 
1 2 9 . 0 5 5 6 8 1 1 0 . O o 0 0 
1 2 0 . 0 2 7 6 8 1 5 . O n 0 0 
ro 
1 3 1 . 0 5 5 6 8 1 l o . O n 0 0 
1 3 2 . 1 7 7 9 8 1 3 2 . 0 n 0 0 
1 3 3 . 2 7 7 9 8 1 so.On 0 0 
1 3 s . 0 2 7 8 8 1 5 .On 0 0 
1 3 5 . 0 5 5 6 ei 10.on 0 0 
1 3 6 . 0 2 7 8 8 1 s . o n 0 0 
1 3 7 . 0 5 5 6 8 1 10.on 0 0 
1 3 8 . 0 5 5 6 8 1 1 0 . O o 0 0 
G L E L E ^ A x l ^ A V E R A G E T C T A L * E R C 7 E P C S A V E H A G E T l > t / £ N T H I^b T A d L E C L R S E N T 
K R C O N T E N T S C O N T E N T S E N T R I E S E r T R I E S P E R C E N T A L L E N I N C l \ 2 E R C E'> I c ^ T t M S 
A 1 . ° 0 1 0 6 1 0 6 1 0 0 . 0 0 . 0 0 . O n 0 C 
* 2 . U O 1 0 6 1 . 5 4 5 5 . 4 * 5 5 . 9 - t 0 f 
2 1 . u 5 8 1 6 7 . U 1 8 9 . 0 1 5 6 . 1 c 0 n 
4 2 , 9 4 8 1 2 2 . 4 7 1 6 5 . 7 7 1 7 4 . O c 0 C 
- 2 1 . 1 2 8 1 2 2 , 4 7 2 0 1 . 9 5 2 0 7 . 0 c 0 C 
l i 1 . " 0 1 0 6 1 0 6 1 0 0 . 0 0 . 0 0 , 0 u 0 C 
! 2 2 1 . 7 2 1 0 6 4 2 . 7 7 2 2 7 . 0 7 2 4 6 . 2 c 0 C 
F L T L R E R A N H C y N U V B E R c E t - C T S ( O C T A L ) 0 5 2 0 2 c 2 c l 2 7 5 
APPENDIX III 
COMBINED FOREST GROWTH SIMULATION MODEL COMPUTER PROGRAM 
AND ECONOMIC MODEL COMPUTER PROGRAM WITH SAMPLE PRINTOUT 
2£6 
SHtN • 0 3 1 4 0 ^ 2 5 . C 0 S B Y - V * A L 1 E R » 5 , 2 0 0 4L j . 6 C H I 
GSYt* t - R l N T $ » » F R 2 
GAbG»i 12 
TaAbG» I 21 
fiAbG» I 23 
l iAS6»l 20 
GT^YNA^C.DYNAvC 
CYNAivC LEVEL E GtCRGIA TcCH REV. 1 .1 
HLN 1 
NCTE * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
NcTE * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
NcTE 
NCTE f-CRFST GROWTH PCL E L SE<"T 1CN CF P P C G P A P 
N C T E * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
NCTE SL°FRCGRAM5 l ThRPLfcH-12 
NCTE 
NcTE * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
NcTE * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
N L T E * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
NCTE * * SLbFPCGR^ 1 * * 
NCTE SLBPRLGRAP FCR ESTABLISHING C G ^ P L T A T I C N A L CONSTANTS 
NCTE * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
C X=l 
C S l T c I = 7 0 
2oA F=1 /2 .2025C51 
C F = l 
2$7 
NcTE * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
NCTE * * SUBPROGRAM 2 * * 
NCTE SUBPROGRAM FCR COMPUTING TIME V A L L E ' S USFC IN THE 
NcTE PRCC-R^N 
N C T E * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
l L N.K = N.w,+ (DT) (+NR-0) 
C NRr i 
bN N = 0 
7 A M . K = F + N . K 
5lA N C . K = C L I F ( + 0 » 1 » N . K » + 1 ) 
7A NX.K=N.K+NC.K 
A6E .K = NX.K 
2oA M V . K = F / N X , K 
7« XAGE . K =AGE.K+P 
NtTE * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
NCTE * * S L B F R C G R A ^ 3 * * 
NCTE SLBFRCGR*^ FCH COMPUTINGTRFE DIAMETER A T PREAST 
NcTE HEIGHT 
NcTE * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
2$A D B h B l . K = ( F . K ) L O G N ( X S T A F . K ) 
1*A D B H a . K = < 0 . 2 2 4 5 4 4 ) ( L B H P l . K ) 
2SA DBHCl»K=(.F.K)LCGN(SlTF"I.K) 
1<:A CBHC K = ( 0 . 3 1 4 2 1 5 ) (CBHCl . tO-
12A C B H A l . K = ( A G E . K ) ( C I J E I . K ) 
12A D B H A . K = ( 0 . 0 0 0 2 1 9 ) ( L B H A I . K ) 
<5A CBHL.K = + 0 . b 5 0 7 l 2 + DLhA .»<-CPHB.K+DBHC .K 
1*A D b H L l . K = ( 2 . 2 0 2 5 8 ^ 1 ) ( D P H L . K ) 
2dA CBHT.K=(X.K)EXP(CB.HL1.K) 
l t A DBH.K=(BASL4.K) ( D B . H T . K ) 
NcTE * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
NCTE * * SUBPROGRAM H * * 
NCTE SUBPROGRAM CCMFUTING T R E E HFICHT 
NcTE * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
bA HGHd.K=DBHCl.K 
2oA HGHA2.K=l /25 
2cA H6HA2.K=1 /AGE .K 
7 M HGHAl.K=hGhA2.K-HGHA2.K 
12A H G H A . K = ( 5 . 4 0 6 3 8 ) ( H t H A l « K ) 
7^ HGHL.K=HGHB.K+HGHA.K 
12A H G H L l . K = ( 2 . 2 0 2 5 8 5 1 ) ( H ^ H L . K ) 
2tA HGH.K=(X.K)EXP(HGHLi .K) 
NcTE * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
NcTE * * SUBPROGRAM 5 * * 
NCTE SUBPROGRAM FCR COMPUTING TRFE SURVIVAL 
NCTE * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
C TPA=500 
5 t L hSTFA.KrhSTFA . o + (D.T ) (RTF A . wK-INMR . oK-AMR . J K - M C R T 1 . JK ) 
b|\ HSTPA=200 
5kL MCRT .K=yCRT.J+(DT> ( INMR . jK + AMR . J K + M Q R T 1 . JK + 0 . 0 ) 
bN h /ORT=C0 
5lA l N ^ N l . K r C L l F ( I K ^ K . K , 0 , N . K . l . C l ) 
5iR i N y R . K L r C L I F l O . O . I N M M . K » N . K » 2 . 0 ) 
C AKPC=0.012 
12R AMR.KU=(|iSTPA.K) <EASA?.K) (AMPC) 
1*A MCRTl.KL=<MCRT2 .K)«HSTPA.K) 
5<-.A MCRT2.K = TABLE(MCpT2"RN.K,o»'*Q»<«0) 
C V O R T 3 *=0 /0 
7* TFA2.K=TPA-200 
5lA T P A l . K = C L l F ( T P A 2 . K » 0 » K . K » 1 . 0 ) 
5iR R T P A . K L = C L I P ( 0 . 0 , T P A 1 . K . N . K . 2 . 0 ) 
c iNSLP=o.ee 
7 M l N y p . K = l . 0 - l N S L P 
1<:A lNyN.K=(TPA) ( INPP.K) 
1*A INSN.K=(TPA) I IKSLF) 
l 4 A X 5 T ^ F . K = h S T P A . K + ( y C R T . K ) ( H . 2 ) 
S T P A 1 * 1 , K = X S T A F . K 
3 7 E S T F A 1 . K = P C X L I N ( 2 , 1 ) 
C S T P A 1 * = 1 / 1 
7* S T F A 2 . K = X S T A F . K - S T F A I * 2 . K 
5iA S T F A 6 . K = C L I P ( S T P A 2 . K » 0 . 0 » N ! . K » 3 . 0 ) 
7A XSTPA.K = XSTAF.K + STFA6.K 
k o A SFFT.K=M35fao/HSTpA.K 
2yA SljRP.K = hSTpA . K /TFA 
NcTE * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
NtTE * * SlbpRCGRAN 6 * * 
NCTE SLHPRCGRfll^ FCK CONFUTING BA^AL AREA 
N c T E * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
12A BASAT.K=(3 . 1M15927) ( D P F . K ) ( C B F . K ) 
2cA BASAF.KzBASAT.K/4 
* M A B A S A . K = ( B A S A F . K ) ( T F A . K ) / 1 4 M 
" 4 A B A S A S . K = ( B A S A F , K ) < X S T A F . K ) / I H U 
N L T E * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
N L T E * * SLuFRCGRAV 7 * * 
NcTE SLBpRCeRfi^ FCR CONFUTING THF bASAL AREA AT THt. NEXT 
N LTE YEAR WHEN GROWTH SUPPRESSION CCCIRS 
NcTE * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
6A B A S A 1 * 1 . K = B A S A S , K 
2 7 C B A S A l . K = E O X L l N ( 2 , D 
C B A S A l * = l / 0 7^ BASC2.K=eASAS.K-PASAl*2.K 
12A BAXA2.K=(BASAU.K)(bASP2.K) 
7 r t BAXA3.K=EASAS.K+pAXA2.K 
N c T E * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
NcTE * * SLBFRCC-RAP 8 * * 
NcTE SCBPRCGRA^ FOR CONFUTING C . r . H . • SLFFREPSK'N FACTCH 
NcTE In HEN b L F F P E s ^ i C N CCCLRS 
NcTE * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
2tA B A X A 4 . K = B A X A 3 . K / P A X A S , K 
5lA BAXAfc.KzCLlP (BAXAM .K » P. O O f l O O I » E A X A 4 ,K» 0 .POUOOl) 
3 C A E A S L 3 . K = ( 1 ) S G R T ( P A X A 6 . K ) 
5iA BASL5 .K=CL1F(BASL3 .K ,1 .0 .RASA3.K .1 .0> 
BASLfc*l .K=BASL5.K 
2 7 B BASL6.K=BCXLIN(2 ,1) 
C b A S L 6 * = l / l 
fcA BASL'+.K = EASL6*2.K 
NcTE * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
NcTE * * SLBFRCGRAN <3 * * 
NCTE SlBPR^GRnN F C R CONFUTING BASAL A R E A VALUE AT fchlCH 
N^TE GROWTH SUPPRESSION OCCURS 
NCTE * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
1*A B A S S l . K = ( 3 . 0 ) ( D B H . K ) 
2 7 A BASS2.K=«M.o/DBH.K)+C n H.K 
2 U A BASS3 . K =12 ,0 /BASS2 . K 













































* * 4 A 
12A 
l i A 
2QA 
2yA 












* * * * * * * * * * 
* * * * * * 
* * 
B A S S 5 . K = < 1 . 0 ) E X F ( . B A S S « . K ) 
B A S S 6 . K = D B H . K / 1 1 
B A S S 7 . K = ( 4 . 5 ) L C G N ( u A S ^ f c . K ) 
B A S S 8 . K = ( 1 ) E X P ( B A S S 7 . K ) 
BASs9.K=l33+BASSr.K-BASS5.K-HASSe.K 
B A S A 5 . K = ( B A S S 9 . K ) ( B A S I O . K ) 
BASlO .K = T A B L E (BASH »STTEI»MC,eO»4 0) 
B A S l l * = 0 . 6 5 / 1 . 2 0 
* * * * * * * * * * * * * * * * * * * * * * * * * * 
* * SLBFRCGRAV 10 * * 
SLBFRCGRAM FCR C C M P L T I N G BA^AL AREA INCREASF 
THE NEXT CCYPLTATICNAL INTEPVAL RELATIVE TC 
AREA INCREASP CURING THE F A ^ T COMPUTATIONAL 
WHEN GROWTH SUPPRESSION OCCURS 
* * * * * * * * * * * * * * * * * * * * * * * 
B A S A 3 . K = B A S A S . K / P A S A 5 . K 
B A X A 9 . K = C L 1 F ( B A S A 3 . K » 1 • 0 » R A S A 2 . K » 1 . Q ) 
B A X A 7 . K = ( 4 . 2 0 ) L C G N ( B A X A 9 . K ) 
B A X A f i . K = ( 1 ) E X P ( B A X A 7 . K ) 
B A S A 4 . K = T A B H H B A s T A » B A X A 8 . K » 1 . 0 , 7 . 0 0 » 6 . 0 n ) 
B A S T A * = 1 . 0 / . 5 
* * * * * * * * * * * * * * * * * * * * * * * 
* * S L b p R C G R A r V 11 
S L B P R C G R R C F O R C C V F L T I N G T H F C N S L F p p F S S E C P A 
AT THE NEXT COMPUTATIONAL INSTANT 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
D B X Q l . K r ( F ) L C G N ( y S T p A . K ) 
D B X r i . K = ( 0 . 2 345MM)(LBXP1.K) 
D B X A l . K = ( X A G E . K ) ( S l T E T . K ) 
C B X A . K = ( 0 . 0 0 0 2 1 9 ) ( L B X » 1 . K ) 
D B X L . K = + 0 . f c 5 0 7 l 2 + D B X A . K - C n X B . K + D P H C . K 
C B X L l . K = ( 2 . 2 0 2 5 8 5 1 ) ( C P X L . * ) 
D B X T . K = < X ) E X F ( C B X L 1 . K ) 
B A X A T . K = ( 2 . 1 4 1 5 9 2 7 ) ( D P X T . K ) < D E X T . K ) 
B A X A S . K z B A X A T , K / H 
B A X A S . K = ( B A X A 5 . K ) ( X S T P A , K ) / 1 M 4 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * S L B p P C G R A r V 12 * * 
SUBPROGRAM F C R COMPUTING THF YIELC PER A C R F 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
V O L F . K = ( C B H . K ) ( C R H . K ) ( H G H . K ) 
V 3 I 1 . K = ( 0 . 0 0 2 1 2 5 ) ( V C L F . K ) 
V 3 l 2 . K = V 2 H . K - 0 . f c 9 2 2 2 c ' 
V 3 I T C . K = 7 2 / V 3 I 2 . K 
V 3 I w T . K = ( V 3 I 2 . K ) ( C L w T ) / 7 2 
V 3 I 2 . K = ( T F A . K ) ( V 3 I 2 . K ) 
V 2 I M . K = « H S T P A . K ) ( V 2 I 2 . K ) 
V 2 l l O . K = v 2 l 4 . K / 7 2 
V 3 I H . K = V 2 H 0 . K / A G L , K 
V 2 I 5 . K = C L I F ( V 3 I 1 0 . K , 1 , V 3 I 1 0 . K » 1 ) 
V 3 I 6 0 . K = ( V 3 I 5 . K ) ( V 2 I 7 C K ) 
V 3 l 6 l . K = V 2 l f c O . K / A G E . K 
* * * * 
SAL AREA 
* * * * 
* * * * 
* * * * 
******************> 
cCCNCMC MCCEL SECTION Cf PROGRAM 
* * * * * * * * * * * * * * * * 
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NCTE SU°FRCGRANS l 3 T H P C H J G H 2? 
NcTE 
NcTE * * * * * * * * * * * * * * * * * * * ; 
NcTE ****************************************** 
NcTE * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
NcTE * * SlbpRCGRAN 13 * * 
NcTE SUBpR^GRAN F O R CONFUTING THF HARVESTING C C S T P E R 
NcTE CCRP AT HARVFSTING TINE 
NcTE * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
7 A C C F U 2 . K = + T P A - 2 0 0 
7 A CCF03 .K = + TFA-3(J0 
7 A C C F O ^ . K Z + T F A - 4 0 0 
7 A CCF05.Kr+TpA-500 
7 A CCF06.K=+TPA-600 
7 A CCF07.K = + Tp!\-700 
7 A CCF0fl.K=+TpA-800 
7 A C C F 0 9 . K = + T P A - 9 0 0 
7M CCFlO .K=+TPA-1000 
MSA CCFl2.K = S V « l T C H ( 1 . 0 , 0 . n . C C p 0 2 . K ) 
49A C C F l 3 . K = S V H T C H ( 1 . 0 , 0 . n , C C c C 3 . K ) 
**9A CCFlH.KzS^lTCHd.O'O . n .CC^OM.K) 
**9A CCFl5.K=sWlTCH(1.0»0.n,CCP05.K) 
**SA CCFl6.K = ShITCH < 1 . 0 • 0 . H . C C F G e . K ) 
H S A CCFl7.K = SVvlTCH(1.0»0.n»CCP07.K) 
4gA CCFlS.KrSVvlTCHd.OrO.O .CCPOe.K) 
4<3A C C F l 9 . K r S W I T C H { 1 . 0 » 0 . n . C C F 0 9 „ K ) 
**5A CCF20.K = sVHTCH(1 .0»0 .n ,CCPlO.K) 
5t;A CCF22.K=TAbHL(CCF3^.SLRF.K#C.5#1.0»0.05) 
C CCF32* = 2 7 . 2 / 2 5 . 4 / 2 2 . g / 2 2 . 6 1 2 / 2 1 . 5 8 3 / 2 0 . 6 0 8 / 1 9 . f i p e / l c . 0 / 1 5 . 2 / 1 7 . 6 / 1 
X i 7 .0 
5fcA CCF23.K = T A B H L ( C C F 3 2 . S l ! P F . X . 0 o 5 , 1 . 0 , 0 . 0 5 ) 
C C C F 3 3 * = 2 M . 5 / 2 3 . 0 / 2 1 . 7 / 2 0 . 6 0 0 / 1 9 . 6 9 1 / 1 8 o 9 P 0 / 1 8 . 2 0 1 / 1 7 . 4 / 1 f . d / 1 6 . 2 / 1 
X i 5 .6 
5tA CCF2 1*.K = TABHL(CCF34. SL'PP.K, 0 , 5 , 1 . 0 , 0 . 0 5 ) 
C CCF31** = 2 2 . 6 / 2 1 . 4 / 2 C . 2 / 1 9 . 7 7 1 / 1 8 . 5 * < 0 / 1 7 . 8 ? 7 / 1 7 . l e g / l e . c / i e . u / i s . q / l 
X i 4 . 9 
5tiA C C F 2 5 . K = T A B H L ( C C F 3 5 . S U R F . K , 0 . 5 # 1 . C , 0 . 0 5 ) 
C CCF35* = 2 1 . 7 / 2 0 . 5 / 1 9 . 4 / 1 8 . ^ 2 3 / 1 7 . 7 5 0 / 1 7 . 0 * 8 / 1 6 . 5 0 3 / 1 5 . 9 / 1 5 , 4 / 1 4 , 9 / 1 
X I 4 . 5 
5fcA CCF26.K=TAbHL(CCF36,SURF.K.0 .5»1 .0»0 .05) 
C C C F 3 6 * = 2 0 . 6 / l 9 . 6 / l c . 6 / l 7 . » 8 f c / 1 7 . l 6 0 / 1 6 . 5 3 6 / 1 5 . 9 f l 4 / l 5 . 4 / 1 4 . 9 / 1 4 . 4 / l 
X i 4 . 0 
5 f cA CCF27.K = T A b H L ( C C F 3 7 , S I J R F . K » C . 5 # 1 . 0 , 0 . 0 5 ) 
C C C F 3 7 * = 2 0 . 1 / l 9 . 1 / l t i . l / 1 7 . ? 9 5 / 1 6 . 7 0 1 / l 6 . l P e / l 5 . 5 e 5 / l F . 0 / l 4 . b / l 4 . 1 / l 
Xi 2 .7 
5<:A CCF28.K = TAbHL(CCF3e,SURF.»<»0.E. l .OtQ .05)-
C C C F 2 8 * = 1 9 . 6 / 1 8 . 7 / 1 / . 7 / l 7 . n 2 3 / 1 6 . 3 5 9 / 1 5 . 7 c i / 1 5 . 2 f i c / i / 4 . 7 / 1 4 . 3 / 1 3 . 9 / 1 
X i 3 .5 
5eA CCF29 . K =TABHL(CCF39 ,SURP.K#0 .5 ,1 .0 *0 .05 ) 
C CCF39*= 1 9 . 2 / 1 8 . 3 / 1 , 7 . 4 / 1 6 . 6 9 7 / 1 6 . 0 5 4 / 1 5 . 5 0 5 / 1 5 . 0 2 0 / 1 4 . 5 / 1 4 . 1 / 1 3 . 7 / 1 
X l 3 .3 
5cA CCF3U.K = TAEJHL(CCF*«0,SURF.K«0.5.1.0.0.05) 
C CCF4 0 * = 1 8 . 9 / 1 8 . 0 / 1 7 . 1 / 1 6 . 4 4 6 / 1 5 . 8 2 4 / 1 5 . 2 0 2 / 1 4 . 8 2 1 / 1 4 . 3 / 1 3 . 9 / 1 3 . 6 / 1 
X l 3 .2 
12A CCF42.K=(CCF12.K)(CCF22.K) 
12A C C F 4 3 . K = ( C C F 1 3 . K ) 4 C C F 2 3 . K ) 
l t A C C F 4 4 . K = ( C C F 1 4 , K ) ( C C F ? 4 . K ) 
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1 * 4 CCFM5.K=(CCF15.K)(CcFPS.K) 
1*A CCF46.K=(CCF16.K)(CcF?6.K> 
12A CCF47 .K=(CCF17.K) (CCFP7.K) 
12A CCFMa.K=(CCF18.K)(CCF28.K) 
12A C C F h 9 . K = ( C C F 1 9 . K ) ( C c F ? 9 . K ) 
IkA CCF50.K=(CCF20 .K) (CCF^O.K) 
8a C C F 5 1 . K = + C C F H 2 . K + C C F H " " . K + rCF44 . K 
lUA CCF52.K = + CCFM5.K + CCF46.K + rCFa7.K + CCF48.K + C(-Ft|9.K + CCF50.K 
7a CCF53.K=+CCF51.K+CCF52.K 
5 lA CCF60.K = C L I P ( + f j . o»1 . 0 #SLRP.K, 0 , 6 7 5 ) 
5fcA CCF6l .K = TABHL (CCF62,C C I H, K» 4 , 0 , 1 2 , 0 * 1 . 0 ) 
C CCFe2* = - 0 . 3 5 H / + O.OUo/ + 0 . 2 5 4 / + 0 . 8 1 7 / + l . l 7 c / + 1 . 5 2 9 / + 2 , i » 2 2 / + 2 , J 2 7 / + M , 
X l 221 
12A CCF63,K=(CCF60.K) (CcFf-l.K) 
5lA C C F 6 4 , K = C L I F ( + 1 . 0 » 0 . 0 » S L R P , K » 0 . 6 7 5 ) 
5 lA C C F 6 5 . K = C L I F ( - 1 , 0 » 0 . 0 » S L R C . K » 0 . 7 2 5 ) 
5d A CCFfc6.K = TABHHCCF67 ,CPH.K» ^ . 0 » 1 2 , 0 » 1 , 0 ) 
C CCF67* = - 0 . 3 4 2 / + 0 . 0 0 o / + 0,3 t *2 / + C , 7 9 5 / + l , 1 4 « : / + 1 . ̂ l/*2 . 3 6 9 / +3 . 2 4 5 / +4 . 
X l 121 
lfcA C C F b 8 . K = ( C C F 6 6 . K ) ( CcF 6 4 ,k+C C F 6 5 , K ) 
5iA C C F 6 9 , K = C L I P ( + i . o » C . 0 » S L R P . K » 0 . 7 2 5 ) 
5 lA C C F 7 0 . K = C L l F ( - 1 . 0 » C . 0 , S L p P . K T 0 . 7 7 5 ) 
5tA CCF71 .K = TABHL(CCF72,CPH.K » 4 . O r 12 .0 »1 .0 ) 
C CCF72* = -0.3 3 3 / + O.OOo/ + 0.3 " ' 2 / + C . 7 7 5 / + l . l l c / + 1 . 4 5 2 / + 2 . 3 l 2 / + 3 . 1 7 3 / + 4 . 
X i 033 
I t A CCF72.K=(CCF71.K)<0CF69 .K + CCF7 0 .K ) 
5 iA C C F 7 4 . K = C L I F ( + 1 . 0 , 0 . 0 » S L F P . K » 0 . 7 7 5 ) 
5fcA C C F 7 5 . K = T A b H L ( C C F 7 6 , D P H . K » H . O r l 2 . 0 » 1 . 0 ) 




li. CCF79.K=CCF53 .K + c C r 7 8 . K 
2(jA VlTC.K = V3lTc.K/ + v 3 l 7 0 . K 
12A C C F a U . K = ( V l T C K ) (CCFL . K ) 
12A CCF8l .K=(CCF80 .K) (CCF79 .K) 
5tA C C F 6 2 . K = T A B H L ( C C f 8 3 , C P H . k » 0 . 0 » 1 2 , 0 » 1 . 0 ) 
C C C F 8 3 * = 2 8 . 2 0 / 2 8 . 2 0 / 2 8 . 2 0/?8. 2 0 / 2 8 . 2 o / 2 8 . ? 0 / 2 8 . 2 n / 2 8 . 8 0 / 2 9 . 2 0 / 2 9 , 7 0 
X i / 3 2 . 2 0 / 3 0 . 7 3 / 3 1 , 3 2 
7a CCF84 .K=CCF81 .K -CCFfi2 .K 
C TWTll=3 
c eupTi=io 
C L M H = 2 
C I6CT1=1 
C TVvTl2 = 6 
C P M T l l = 4 
I L A CCF85.Kz + T w T I l . K + E,LpT1 . K + L . M 11 , K +1 bC T 1 . K + T > T 12 . K + RMT j 1 . K 
5cA CCF86 .KZPVAX (+CCFpE.K»+CCF°2 .K) 
C B0P12=4 
C T l f t T l 2 - c 
C . IRGC T=1 
C FFWTl=l4 
C ILGCT=1 
luA CCFa7.K = + CCFe6.K + BLFT?.K + TATI3.K+IRGCT.K+Fl-WTl.K4lLGrT .K 
~?h CCFa8.K = CCF^7.K + c C r 8 4 . K 2uA V3l4.K=cCF88.K/feO 
5iA CCFd9 .K=CL lP (CCFf lO .K»1 . 0 ,CCF80 .Kr l .O ) 
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2iA CCFS0 .K=CCFPe .K /CCFe9 .K 
5tA V 3 l 7 0 . K : : T A B H L < V 3 l 7 1 , H C H . K . 6 5 * 1 0 0 . 1 ) 
C V 3 I 7 l * = 1 / . 9 9 6 6 / . 9 9 5 7 / . 9 9 2 V . 9 8 9 4 / . 9 e 6 5 / . c f l 2 7 / . g p n 5 / . 9 7 7 4 / . 9 7 4 2 / . 9 7 
X i 1 0 / . 9 6 7 6 / . 9 6 4 2 / . 9 6 ^ 8 / . 9 5 7 4 / . 9 5 3 1 / . 9 5 0 3 / . ° 4 6 6 / . 9 4 2 9 / . 9 3 9 6 / . 9 2 5 5 / . 9 3 
X2 2 1 / . 9 2 7 7 / . 9 2 4 2 / . q 2 06/ .9 l67/ .9130/.9oa9 / .cob2/ .9oi9 / .e977/ .8938 / .e9 
X2 0 2 / . 8 8 6 1 / . 8 ^ 2 5 / . 8 7 6 0 
4 4 A V 3 l i 5 . K = ( E 5 . K ) ( V 3 l l 4 . ^ J / 6 n 
2uA V 3 I 1 6 . K = V 3 H 5 . K / C C ( : : L . K 
2uA V3lfc2.K=V3li6.K/c5.K 
C CDfcT=?400 
C L C A l ) = 12000 
2uA CDPL.K = LCAiJ .K /CCwT .K 
NcTE * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
NcTE * * SLbFPCGR*!/ 14 * * 
NcTE SLBpRCGRAV FCR CCNPLTlNG THF VALLE f AT PLANTING 
NcTE T INF ' CF ALL EXPENSES RELATFD TC PLANTING ANC 
NcTE GROWING TH£ FCREST 
NcTE * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
I C A INV . K =+ ILV+SPPC . K +F3 . K +H4 .K4SFCl+0 .0 
6A I L V . K = T E 1 B 2 . K 
C SFC1=?0 
£ a s p p c . k = s p c + t c k + f c k 
C S F C = 1 ? 
**MA t c . k = < t p a h t c p t . k > ' i o n o 
C TCPT=4 
< * 4 A F C . K = < T P A ) ( F C P T . K ) ' l O n O 
C PCPT=15 
NcTE * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
NcTE * * SLBpRCGRsV 15 * * 
NCTE SLEPRC-GRAN FCR C C N P L T I N G T H F LAND VALLF AT i YEAR 
NCTE INCREMENTS AFTER PLANTING 
N^TE * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
C I l = . 0 3 
7 a A l . K = P + I l 
2>,A B l . K = « N . K ) L C G N ( + A l « K ) 
2 C A C 1 . K = « F ) E X P ( B 1 . K ) 
5lA D l .K=CL IP (+C l .K»+P»+LCCT,+5 ) 
12A E 1 . K = « C 1 . K ) ( T E 1 . K ) 
12A T E l . K = ( T E l B l . K ) ( T E 1 B 2 . K ) 
5gA TElal . K =TAbLE{TE lV l .N . K,o»40 .40 ) 
C TE1V1*=1 /1 
59 A TElQ2.K=TAbLE(TElV2,STTEl.K.40»eo»lO) 
C T E 1 V 2 * = 5 0 / 6 0 / 7 0 / R 0 / 9 0 
C LCCT=10 
NcTE * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
NCTE * * SLBFRCGRftV 16 * * 
NCTE SUBPROGRAM FCR COMPUTING T H F S T l V F a G E FPICF Al 1 
NcTE YEAR INCREMENTS AFTER PLANTTNb 
NcTE * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
C I 2 = . 0 3 
7A A2 .K=P+I2 
2SA B 2 . K = « N . K ) L C G N ( + A 2 . K ) 
2 E A C 2 . K = « F ) E X P ( B 2 . K ) 
5iA D2 . K =CL IP{+C2 . K »+Fr+SPCT,+5 ) 
1*A E 2 . K = < C 2 , K ) ( T E 2 . K > 
12A T E 2 . K = ( T E 2 B 1 . K ) (TE*e2.K) 
5gA T E 2 B l . K = T A b L E ( T E 2 V l , N . K . 0 . 4 C » 4 0 ) 
2 6 3 
C T E 2 V l * = l / l 
C TE2d2=e.OO 
C SPCT=10 
N L T E * * * * * * * * * * * * * * * * * * * * . * • * * * * * * * * * * * * 
NCTE * * SUBPROGRAM 17 * * 
NCTE SUBPROGRAM FCR COMPUTING THF ANNUAL TAXES AT I YEAR 
N L T E INCREMENTS AFTER PLANTING 
NCTE * * * * * * * * * * * * * * * * * * ' * * * * * * ' * • * * * * ' * * * * 
C I 3 = . 0 ? 
7 A A 3 . K = P + I 2 
2 9 A E 2 . K = < N . K ) L C G N ( + A 3 . K ) 
2 f a A C 3 . K = < F ) E X P i B 3 . K ) 
5iA D 3 . K = C L l P ( + c 3 . K » P » + T R C T , + 5 ) 
1 * A E 3 . K = « C 3 . K ) ( T E 3 . K ) 
12A T E 3 . K = ( T E 3 f i l . K ) ( T E 3 B 2 . K ) 
5 S A TE3el.K = T A B L E ( T E 3 V l » N . K , r J r ' + 0 , 4 0 ) 
C T E 3 V l * = l / l 
5 t A T E 3 b 2 . K = T A B H L ( T E 3 V ^ . V ? I i * . K r 5 0 0 » ' 4 0 0 0 . 2 5 0 ) 
C T E 3 V 2 * = 0 . 5 0 / l / l / l / i / l / l / l / l / l / l / l / l / l / l . K 0 
12R F 3 . K L = ( E 3 . K ) ( D l O . K ) 
l L H 3 . K = H 2 . J + ( L ! T ) ( + F 3 « O K + 0 ) 
6 I \ H 3 = 0 
C T R C T = 1 U 
NcTE * * * * * * * * * * * * * * * .*• * * * * * * * * * * * * * * * * * 
NcTE * * S U B F R C G R A M 18 * * 
NCTE SUBPROGRAM FCN COMMUTING THF ANNUAL MANP'EVENT. COSTS 
NLTE AT I Y E A R INCREMENTS AFTER PLANTING 
NcTE * * * * * * * * * * * * * * * * * * * * * • * * * * * * * * * * * * 
C IM=.03 
7M A M . K = F + I 4 
2 S A B 4 . K = < N 1 . K ) L 0 G M + A 4 . K ) 
2 f c A C M . K = « P ) E X P ( B M . K ) 
5 i A D M . K = C L l F ( + C 4 . K r P r + M C C T . + 5 ) 
l k A E 4 . K = ( C M , K ) ( T E 4 . K ) 
l t A T E 4 . K = ( T E ' 4 B 1 . K ) ( T E H B 2 . K ) 
5 y A T E 4 a l . K = T A B L E ( T E 4 V l , M . K . t » 4 l » 4 0 ) 
C T E 4 V l * = l / l 
C T E 4 t i 2 . K = l . b O 
C MCCT=10 
l k A F 4 * i . K = ( E 4 . K ) ( C l n . N ) 
2 / E F 4 . K = P C X L l N ( 2 » l ) 
C F 4 * = l . 5 0 / 1 . 5 0 
b h G 4 . K L = F 4 * 2 . K 
I I H t * . K = H ' 4 . 1 J + ( O T ) (+r ;M .oK + 0 ) th ( - 4 = 0 
NcTE * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
N L T E * * SUBFRCGRAM 19 * * 
NcTE SUBPROGRAM F C R COMPUTING T H F HOURLY OPERATING COST 
NcTE OF THE HARVESTER A T 1 YEAR INCREMENTS AFTFR PLANTING 
N^TE * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
C I 5 = . 0 ? 
7 A A 5 . K = P + I 5 
2 S > A E 5 . K = < N . K ) L C G N ( A 5 . K ) 
2 f c A C 5 . K = « F ) E X P ( B 5 . K ) 
b i A D 5 . K = C L l P ( + C 5 . K , F r M C C T r + s ) 
l i A E 5 . K = < C 5 . K ) ( T E 5 . K ) 
l k A T E 5 . K = ( T E 5 B 1 . K ) ( T E 5 B 2 . K ) 
26h 
5SA T E 5 B l . K = T A b L E ( T E 5 V l » N . K r o » H O » 4 0 ) 
C T E 5 v l * = l / l 
C T E 5 d 2 = 2 0 . 0 0 
C NCCT=10 
NcTE * * * * * * * * * * * * * * * * * * * * • * . * . ' * * * * * * * * * * * 
NCTE * * SLbpRCGPAN 20 * * 
NcTE SUBPROGRAM FOR COMPUTING THF HARVESTING COST 
NCTE ALLCWANCF AT 1 YEAR INCREMENTS AFTER PLANTING 
NcTE * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
12A T E 6 . K r ( T E b B l , K ) ( T E 6 B 2 . K ) 
T E 6 r i l . K = T A b L E ( T E f c V l , N . K . 0 » M 0 r M 0 ) 
C T E 6 V l * = l / l 
C T E 6 d 2 = 1 . 5 0 
5 iA D 6 . K = C L I F ( + c 5 . K » F ' H C C T , + 5 ) 
I c A E 6 . K = < C 6 . K ) ( T E 6 . K ) 
C H C C T = 1 0 
NcTE * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
NcTE * * S U B F R C G R A M 21 * * 
NCTE SUBPROGRAM FOR COMPUTING DISCCUNT FACTORS FOP 
NcTE FCLLCV--CK EXPENSES WHICH ARF INVESTED UNTIL PEGUlRtD 
NcTE * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
C I 1 0 = . 0 5 
7M A 1 0 . K = F + I 1 0 
2S A B 1 0 . K = ( M . K ) L O G N ( + A 1 0 . K ) 
2eA C 1 0 . K = ( P ) E X F ( B 1 0 . K ) 
2uA C 1 0 . K = F / C 1 0 . K 
NcTE * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
NcTE * * SLbFRCGPAM 22 * * 
NcTE SLBPRLGRAN FOR CONFUTING THF HATE CF RFTORN FCR THt 
NcTE INCEPt-NCPNT LANDOWNER AT 1VEAR T N C P E M E N T S AFTER 
NcTE PLANTING 
NcTE * * * * * * * * * * * * * * .* * * * * * * * * * * * * * * * * * * 
7A V 3 I 2 1 . K = V 2 I 1 6 . K - F 6 « K 
7« V 3 I 2 2 . K = E 2 , K - V 2 I 2 1 . K 
UA V 3 I 2 3 . K = ( V 3 I 2 2 . K ) < V 3 I 6 0 . K ) 
7 W V 3 I 2 * * . K = E 1 . K + V3 I23 .K 
7« V 3 l 2 b . K r V 3 l 2 4 . K - l N V , K 
2uA V 3 I 2 & . K = V 3 I 2 5 , K / N X . K 
2yA V 3 I 2 7 . K = \ / 3 I 2 < 4 .K / INV .K 
5 lA V3 I32 .K = C L I P ( V 2 I ? 7 . K » 1 . 0 » V 3 I 2 7 ' . K . 1 . 0 ) . 
2SA V 3 l 2 e . K = ( M v . K ) L C G N ( V 3 l 3 2 . K ) 
2 t A V 3 I 2 5 . K = ( P ) E X P ( V 3 l 2 f l . K ) 
7* V 3 I 3 0 . K = V 3 I 2 9 . K - F 
NcTE * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
NcTE * * SUBFRCGRAM 23 * * 
NcTE SUBPROGRAM CONFUTES THE WCCr tRCVMNG COST FCP THE 
NcTE P A P F R COMPANY AT 1 YEAR INCREMENTS A FTFp FLAMING 
NcTE * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
fah K 3 . K L = E 3 . K 
11 C W C l . K = C W C l . u + ( D T ) ( K 3 . J K + n ) 
fci. cwci=o 
fch K « * . K L = E 4 . K 
1 L C K C 2 . K = C t a C 2 . w l * ( D T ) tK ' t .wK+t ! ) . 
fcN CV*C2 = 1 . 5 0 
fcA CWCq*l . K = Cl*c2.K 
2?t i CVtCt*" = 6 C X L l M 2 . i ) 
C C V » C 4 * = 0 / 0 
265 
lA CWC5.K=CWC1.K+CWC2.K 
6 A C W C 6 . K = I L V . K + S P P C . ^ + S P C 1 . K 
6A CWC7.K=CWC6.K+CV\C5.K + CWC11.K 
1<:R CV\C9.KL=(CWC6.K) ( O C 7 . K ) 
C CWCti=.06 
l L C V v C l l . K = C V v C H . J + ( D T ) (CWCS.wK + O) t,v cwci=o 
l u A C W C l 2 . K = CVvC6.K + CwC4*2.K + C V v C l . K + C W C l l . K - E 1 .K + n 
2uA CWci3.K=cWci2.K/v2i60.K 
7 * C f c C l 4 . K = cV»Cl3 .K-» -v3 i2 l .K 
NcTE * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
N C T E * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
Fh I N i D A G t f T P A » 5 L R P » S l T E l 
Fh I N l 2)V3l20»C*Cl*4 
Fh I N I 2 )DBH » C E H T , HGH 
F h I N f 4 ) V 3 l V k T , g A S A S » V 3 l 6 i » B A S A M 
F H IN I 5)V3l60,v3l5»CCFflO 
F h l N i 6)CCFPe,CCF90»CCFeO 
F h I N I 7 ) V 2 l l f c » V 3 l 6 2 » E 6 
F h I N 1 e > E 2 ' E 3 , E 4 , E l 
F h I N I 9 ) l N V » l L V » S F C l » S p P C 
F h I N T 1 0 ) V 2 I 2 4 , C W C 1 2 . C W C 1 1 
PLCT V 2 l 2 0 = X ( 0 . 0 5 » 0 . 1 i ) 
F l c t cv»c 1M=X ( 4 t It) 
F L C T H G H = X ( 0 . 1 0 0 ) 
F L C T S L . R P = X ( 0 . 4 , 1 . 0 ) 
FcCT C b H = X ( 0 , 2 0 ) 
F L C T B A S A S = X ( 1 0 0 , 2 0 0 ) 
FuCT V 3 I 6 1 = > ( 1 » 5 » 3 . 5 ) 
F L C T V 3 I * T = X < 0 » 4 0 0 0 ) 
ShEC D T = i / L E N G T h = 4 0 / P p T F e R = 1 / P L T F E P = 1 
E,\C 
F A 6 E 1 1 
T I V C A G E 
v •* 13 n 
C P > V 2 I M V 2 1 6 0 C C r f c 6 V 3 1 1 6 
L-2 
V 2 I 2 4 
T P A O C 1 4 C F h T 
P asas 
V 2 I 5 C O S O V 2 1 6 ? c 3 I L V C f c C 1 2 
S U H F h G h V 2 I 6 1 C C F f c O C O f c O E 6 u 4 S F C 1 C f c C l l 
S I T E I P A S A a f l S F F C 
u o O G . l O O O O + O l .noooo 
,5ufi2P+01 
- , 5 1 c c l + p ? 
.10000+01 -
. 5 4 0 7 2 + 0 4 - . l i . / 1 7 + 0 2 . 6 0 0 0 0 + 0 1 . 1 2 1 5 C + C 2 . 1 C 6 2 2 + C 2 
. 5 0 0 0 0 + 0 2 , 2 1 * e T + C 2 
.50628+01 
. 2 8 1 8 2 + 0 2 
.10000+01 -
. 5 4 0 7 2 + 0 4 - , l c / 1 7 + C 2 
. 5 0 0 0 0+uO 
. 8 0 0 0 0 + 0 2 
.41500+0* .40000+00 .45182-0'* . 100+01 
- . 2 5 0 0 4 + 0 2 _ . 2 5 0 0 4 + 0 2 
,1-000+01 
. 1 5 4 5 0 + u l . 2 0 0 0 0 + 0 2 .oocoo 
. 7 0 0 0 0 + 0 2 
. 1 0 0 0 0+01 
. 8 0 0 0 0 + 0 2 . 2 1 5 0 0 + 0 2 
l G O O + O l . 1 0 0 0 0 + 0 1 .nooo" 
.50651+01 -.51551+0? 
. 1 0 0 0 0 + 0 1 - . 5 4 0 7 5 + 0 4 - . 1 * * 8 0 + 0 2 . e * 4 i ; C + o i . l * 2 4 e + 0 2 . 1 1 1 4 6 + 0 2 . 5 0 0 0 0 + 0 2 . ? 7 6 5 C + C 2 
.50651+01 
. 2 6 i > = 2 + 0 2 
.10000+01 -
. 5 4 0 7 5 + 0 4 - . l c / 1 8 + 0 2 
.51500+00 .eC0G0+02 .4e4eo+c* .25̂05+00 
4 5 i e 2 - 2 
. iOoco+01 
- . 2 5 0 0 4 + 0 2 _ . 2 5 0 0 4 + 0 2 . 1 - 4 5 0 + 0 1 . 1 5 5 1 2 + 0 1 . 2 0 0 0 0 + 0 2 .72eoo+oi 
. 7 0 0 0 0 + 0 2 
. 100+01 
. 8 2 4 0 0 + 0 2 . 2 1 5 0 0 + 0 2 
* 0 0 0 + O l . 2 0 0 0 0 + 0 1 
.00000 .42506+01 
- . 5 1 2 0 2 + 0 2 
.10000+01 -
. 2 8 7 8 4 + 0 4 - . 1 4 * 4 3 + 0 2 . 8 4 8 7 2 + 0 1 . 1 2 5 4 1 + 0 2 . 1 C 5 1 5 + C 3 
. 5 0 0 0 0 + 0 2 . 4 0 1 7 ^ + 0 2 
.42506+01 
. 4 6 5 8 5 + 0 2 . 1 0 0 0 0 + 0 1 - .287e4+04 - . 1 - 4 2 5 + 0 2 
.52045+00 .eoooo+02 .56C14+0* 
. 8 7 8 1 0 + 0 0 . 2 2 8 1 2 + O P 
.50000+00 
- . 2 5 2 4 0 + 0 2 - . 2 5 2 4 0 + 0 2 . 1 - ^ 1 2 + 0 1 . 1 6 2 5 1 + 0 1 .20000+02 
. 1 5 3 2 5 + 0 2 
. 7 0 0 0 0 + 0 2 
.10000+01 
. 8 4 e ? 2 2 . 2 1 5 0 0 + 0 2 
2OOO+0I 
. 3 0 0 0 0 + 0 1 . noono 
.45104+01 
- . 4 6 0 7 6 + 0 2 
.10000+01 -
. 4 2 4 6 4 + 0 4 - . l c 4 4 0 + 0 * 
.874i8+0l 
. 1 2 7 2 2 + 0 2 . 1 1 4 * 4 + 0 3 
. 5 0 0 0 0 + 0 2 , 4 6 0 5 Q + 0 2 
.43104+01 
. 4 9 c o 5 + 0 2 
.10000+01 -
. 4 2 4 6 4 + 0 4 - . l i - 0 4 5 + 0 2 
.54626+00 
. 8 0 0 0 0 + 0 2 . 6 4 1 3 8 + 0 2 
.87439+00 
. 1 6 1 6 5 + 0 1 
.22232+00 
- . 2 6 2 1 4 + 0 2 . 2 8 2 1 4 + 0 2 . I c 2 5 1 + 0 l . 1 6 8 c 2 + o l . 2 0 0 0 0 + 0 2 . 2 2 8 7 4 + 0 2 
.70000+0? .10000+01 
. 8 7 4 1 8 + 0 2 . 2 1 5 0 0 + 0 2 
4OOO+0I 
. 4 0 0 0 0 + 0 1 
.00000 .46762+01 
- . 2 4 0 4 5 + 0 2 
. 5 2 4 5 7 + 0 2 
. 1 0 0 0 0 + 0 1 - . 5 5 2 7 0 + 0 4 - . 2 - 0 5 1 + 0 2 . 5 0 0 4 1 + 0 1 . 1 2 5 1 8 + 0 2 . 123e2+02 . 5 0 0 0 0 + 0 2 . 4 8 1 1 3 + 0 2 
.46762+01 
. 1 0 0 0 0 + 0 1 - . 5 5 2 7 0 + 0 4 - , 2 v j c 1 6 + 0 2 . 5 6 * 7 5 + 0 0 
.eoooo+02 
. 7 2 8 5 2 + 0 2 
.87050+00 .51258+01 .25000+00 
- . 2 6 1 8 5 + 0 2 - . 3 6 i e 5 + 0 2 
.lcde3+0l 
. 1 7 2 8 5 + 0 1 
.20000+02 
. 3 2 0 6 6 + 0 2 
. 7 0 0 0 0 + 0 2 
.10000+01 
. 5 0 C 4 1 + 0 2 . 2 1 5 0 0 + 0 2 
5 0 0 0 + 0 1 . 5 0 0 0 0 + 0 1 . 2 3 7 5 9 - 0 1 
.46485+01 
- . 1 6 0 2 9 + 0 2 
.10000+01 -
. 1 2 6 8 8 + 0 5 - . 5 o 5 1 5 + 0 2 . 5 2 7 4 2 + 0 1 . 1 2 1 0 1 + 0 2 . 1 5 4 6 7 + 0 2 
. 5 0 0 0 0 + 0 3 . 2 9 6 6 5 + 0 2 
.46485+01 .57257+0? .10000+01 -
, 1 2 6 8 8 + 0 5 - . 4 3 9 2 0 + 0 2 
.57564+00 
. eoooo+02 . 8 2 2 1 5 + 0 2 
.86643+00 .95516+01 .20000+00 
- . 6 1 0 5 1 + 0 2 - . 8 1 0 5 1 + 0 2 . 1 / 2 8 9 + 0 1 . 1 7 5 U + 0 1 .20000+02 
. 4 2 5 4 2 + 0 2 
. 7 0 0 0 0 + 0 2 
.50272+01 .10000+01 
. 5 2 7 4 2 + 0 2 . 2 1 5 0 0 + 0 2 
c O O C + O l . 6 0 0 0 0 + 0 1 
.00000 .65255+0 1 
. 1 0 0 0 0 + 0 1 . 2 1 4 1 0 + 0 5 . 1 * 9 8 2 + 0 2 . 5 5 5 * 4 + 0 1 
.122ei+02 
- . 2 2 5 5 7 + 0 2 
. 5 0 0 0 0 + 0 3 . 2 2 0 5 0 + 0 3 
.50272+01 
. 6 1 2 2 0 + 0 2 . 1 0 0 0 0 + 0 1 . 1 5 8 0 0 + 0 2 . 1 u c 7 3 + 0 3 . 5 5 7 0 2 + 0 0 . 8 0 0 0 0 + 0 2 . 5 2 4 6 4 + 0 2 
.86216+00 .14464+0? . 1 6 6 6 7 + 0  
. 1 9 8 7 5 + 0 4 . 1 5 8 7 5 + 0 4 . 1 / 9 1 1 + 0 1 .184Me+01 . 2 0 0 0 0 + 0 2 
.52551+0* 
. 7 0 0 0 0 + 0 2 
.10000+01 
. 2 2 6 5 2 + 0 2 
. 5 5 5 * 4 + 0 2 . 2 1 5 0 0 + 0 2 
7 0OO+O1 
. 7 0 0 0 0 + 0 1 
.000 0  .5*127+01 
. 2 5 5 2 1 + 0 1 . 6 2 5 3 3 + 0 4 . 2 ' 0 4 8 + 0 2 . 5 8 2 5 0 + 0 1 . 1 2 4 5 7 + 0 2 . 5 8 5 5 1 + 0 2 
. 5 0 0 0 0 + 0 2 . 6 5 0 6 ? + 0 2 
.52127+01 
. 6 5 6 6 5 + 0 2 . 2 5 5 2 1 + 0 1 . 1 5 5 5 8 + 0 2 . 2 ^ 5 9 2 + 0 2 . 6 1 4 5 4 + 0 0 . 8 0 0 0 0 + 0 2 . 1 0 3 3 7 + 0 3 
,8b768+00 .15454+0? .27044+00 
. 2 9 8 1 2 + 0 2 . 2 5 8 1 3 + 0 2 , l t 4 4 8 + 0 l . 1 5 0 0 2 + 0 1 . 2 0 0 0 0 + 0 2 . 6 4 5 3 8 + 0 2 
. 7 ( j 0 0 0 + 0 2 
.10000+01 
. 5 8 2 5 0 + 1 2 . 2 1 5 0 0 + 0 2 
t O O O + O l . 8 0 0 0 0 + 0 1 
.00000 .54054+01 
. 6 1 6 8 4 + 0 2 . 4 6 7 1 7 + 0 1 . 2 2 5 8 5 + U 4 . 1 - + 9 0 2 + 0 2 . 1 0 1 2 4 + 0 2 . 1 2 6 2 5 + 0 2 . e 7 3 7 0 + 0 2 
. 5 0 0 0 0 + 0 2 , 2 6 6 2 ° + 0 2 
.54054+01 
. 7 0 2 0 9 + 0 2 . 4 6 7 1 7 + 0 1 . 1 6 1 2 5 + 0 2 . 1 x 7 6 4 + 0 2 . 6 2 2 2 8 + 0 0 
.eoooo+02 
. 1 1 5 1 0 + 0 3 
.85297+00 .24257+0? 
, 6 0 8 9 7 + n o . 2 1 0 7 5 + 0 2 . 2 1 0 7 5 + 0 2 . l ' 3 0 0 2 + O l . 1 5 5 7 2 + 0 1 
.20000+02 
. 7 7 1 5 4 + 0 2 
. 7 0 0 0 0 + 0 2 
.iOoon+01 .10124+U2 
. 2 1 5 0 0 + 0 2 
5 0 0 0 + 0 1 . 9 0 0 0 0 + 0 1 
.0000° .56055+01 
. ^ 2 2 2 1 + 0 2 . 7 2 2 6 4 + 0 1 . 2 * 7 1 4 + 0 4 . l w c 5 9 + 0 2 . 1 0 4 2 8 + 0 2 . 1 2 7 5 5 + 0 2 . 1 2 C 0 4 + 0 2 
. 5 0 0 0 0 + 0 2 . 2 5 7 2 6 + 0 2 
.56Q55+01 
. 7 5 2 7 2 + 0 2 . 7 3 2 6 4 + 0 1 . 1 6 2 0 7 + 0 2 . 7 c c 2 6 + 0 i . 7 2 4 5 2 + 0 0 
.eoooo+02 
. 1 2 7 6 5 + 0 2 
.84803+00 .28882+0? ,eii427 + 0  
. 1 2 9 2 9 + 0 2 . 1 2 5 2 5 + 0 2 . l / 3 3 7 2 + O i . 2 0 1 5 5 + 0 1 . 2 0 0 0 0 + 0 2 . 5 0 2 5 5 + 0 2 
. 7 0 0 0 0 + 0 2 . loooo+ci . 1 0 4 2 6 + 0 2 . 2 1 5 0 0 + 0 2 
1000+02 
. 1 0 0 0 0 + 0 2 . 1 1 5 1 6 . - 0 1 , 5 c i 3 4 + 0 1 . 1 2 7 4 9 + 0 2 . 99497+01 . 1 6 8 2 0 + 0 4 
,7c*94+01 
. 1 0 7 5 1 + 0 2 . 1 2 5 7 0 + 0 2 . 1 5 6 6 4 + 0 2 
. 5 0 0 0 0 + 0 2 . 2 0 0 1 2 + 0 2 
.58124+01 .PO575+02 
. 9 9 4 9 7 + 0 1 . 1 6 5 0 6 + 0 2 . 5 0 * 5 8 + 0 1 . 1 2 5 2 5 + 0 1 . 8 0 0 0 0 + 0 2 . 1 4 1 2 8 + 0 2 
.84284+00 .22168+0? .95497+00 
. 1 0 1 9 7 + 0 2 . 1 0 1 5 7 + 0 2 , 2 o l 5 9 + 0 i . 2 0 7 6 4 + 0 1 . 2 0 0 0 0 + 0 2 . 1 0 4 2 0 + 0 2 
. 7 0 0 0 0 + 0 2 
.10000+01 
. 1 0 7 5 1 + 0 2 . 2 1 5 0 0 + 0 2 
i l 0 0 + G 2 . 1 1 0 0 0 + 0 2 . 2 0 6 2 0 - 0 1 
.60292+01 .I64PI+03 
. 1 2 7 2 2 + 0 2 . 1 2 2 2 5 + 0 4 . 6 - 4 1 8 + 0 1 . 1 1 0 7 4 + 0 2 . 1 4 1 6 7 + 0 2 . 1 5 7 4 2 + 0 2 
. 5 0 0 0 0 + 0 2 
,1654°+C2 .60292+01 
, e624 02 . 1 2 7 3 2 + 0 2 . l c 7 i e + 0 2 . 4 3 6 1 5 + 0 1 . 1 2 6 4 2 + 0 1 . 8 0 0 0 0 + 0 2 . 1 5 6 2 8 + 0 2 
.83738+00 .27142+0? 
. U 5 7 5 + O I . 7 9 1 6 7 + 0 2 . 7 5 1 6 7 + 0 2 , 2 o / 6 4 + 0 1 . 2 1 2 6 6 + 0 1 . 2 0 0 0 0 + 0 2 . 1 1 5 2 5 + 0 2 
. 7 0 0 0 0 + 0 2 
. 1 O o o n + o 1 
. 1 1 0 7 4 + 0 2 . 2 1 5 0 0 + 0 2 
i200+02 
. 1 2 0 0 0 + 0 2 . 4 4 6 4 1 - 0 1 
.62527+01 
. 2 0 2 6 0 + 0 2 . 1 5 6 7 8 + 0 2 . 1 0 6 2 1 + 0 4 
.5-455+0l 
. 1 1 4 0 6 + 0 2 . 1 4 3 6 5 + 0 2 . 2 4 2 6 1 + C 2 
P A G E 2 1 
T l N ' t l A G E V I 2 0 C S l - V 2 I U T V 2 I c 0 C O f c f c V 3 i 1 fc L 2 I N V V 2 I 2 4 
T P A C ' \ C 1 4 G B h T V 3 1 5 C C r 5 0 V 2 1 6 2 tl I L V C f c C 1 2 S L P F F G r - V 3 I 6 1 C C F e O C O 6 0 E 6 t 4 S F C 1 C i » C 1 1 S I T E I P A S A 4 c l S F F C 
. 5 0 0 0 0 + 0 3 . 1 4 2 2 0 + 0 2 . 6 2 ^ 3 7 + 0 1 . 52288+0? . 1 5 6 7 8 + 0 2 . 1C562 + C 2 • 2 . / 4 5 2 + 0 1 , 1425e+u i .eooco+c2 . 1 7 2 6 7 + 0 2 
. 2 3 1 6 4 + 0 0 . 4 0 8 1 5 + 0 2 . 1 2 0 6 5 + 0 1 . 6 2 6 4 9 + 0 2 . 6 2 6 4 5 + 0 2 . 2 A 2 e 6 + 0 l , 2 2 0 2 8 + u 1 . 2 0 0 0 0 + 0 2 . 1 3 5 5 0 + 0 3 
. 7 0 0 0 0 + 0 ? . 1 0 n 0 0 + P 1 . 1 1 4 0 6 + U2 . 2 1 5 0 C + 0 2 
. 1 2 0 0 0 + 0 2 . c 5 l , j U - 0 l . 6 4 6 6 9 + 0 1 . 2 4 5 8 7 + 0 2 . 1 6 7 9 5 + 0 2 . 5 1 0 5 8 + 0 2 , 4 t * e e + o 1. . 1174e+02 . 1 4 5 6 0 + 0 2 . 2 5 2 7 0 + 0 2 
. 5 0 0 0 0 + 0 2 . 1 2 S H ? + U 2 . 6 4 8 6 9 + 0 1 . 9 8 7 4 6 + 0 2 . 1 U 7 9 5 + 0 2 . 1 7 2 2 2 + 0 2 . 2 ^ 2 0 + 0) . 1 4 6 6 5 + 0 1 . 8 0 0 0 0 + 0 2 . 1 5 C 1 4 + C 2 
. 8 2 c 6 1 + 0 0 . 4 4 2 0 6 + 0 ? . 1 4 4 5 8 + 0 1 . 5 2 6 7 4 + 0 2 . 5 * 6 7 4 + 0 2 . 2 t o 2 8 + 0 i . 2 2 6 6 5 + 0 ] . 2 0 0 0 0 + 0 2 . 1 5 2 8 2 + 0 2 
. 7 0 0 0 0 + 0 2 . iOoon+m . 1174e + 0 2 . 2 1 5 0 0 + 0 2 
. i . 4 C C + u 2 . 1 4 0 0 0 + 0 2 . 6 2 2 5 " - G l . 67292+01 . 25123+03 . 2 2 0 9 3 + 0 2 . 7 6 0 8 6 + 0 2 . 4 w c e e + o i . 1 2 1 0 1 + 0 2 . 1 4 7 5 1 + 0 3 . 2 4 e i 4 + 0 2 
. 5 0 0 0 0 + 0 2 . 1 1 2 7 4 > 0 2 . 6 7 2 9 3 + 0 1 . 1 0 5 6 4 + 0 3 . 2 2 0 9 2 + 0 2 . 1 7 4 9 4 + 0 2 . 2 , / 0 21+01 . 1 5 1 2 6 + 0 1 . e o o o o + 0 2 . 2 0 6 8 8 + 0 2 
. 8 1 9 2 8 + 0 0 . 4 7 2 3 5 + 0 ? . 1 5 7 8 0 + 0 1 . 4 4 6 2 8 + 0 2 . 4 4 6 2 e + 0 2 . 2 * c e 9 + G i . 2 2 2 7 0 + 0 1 . 2 0 0 0 0 + 0 2 . 1 7 1 4 2 + 0 2 
. 7 0 0 0 0 + 0 2 . 1 0 0 0 0 + 0 1 . 1 2 1 0 1 + 0 2 . 2 1 5 G C + 0 2 
. i 5 0 0 + i ) 2 . 1 5 0 0 0 + 0 2 . 6 9 5 2 " * - 0 1 . 6 9 6 1 3 + 0 1 , 3 3 c o 8 + p 2 . 2 5 5 8 1 + 0 2 . 6 / 5 8 5 + 0 2 . 2 « ^ c 6 6 + 0 i . 1 2 4 c 4 + 0 2 . 1 4 5 3 8 + 0 3 . 4 0 5 4 6 + 0 2 
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APPENDIX IV 
FOREST GROWTH MODEL RESULTS 
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Figure 1f>. Survival versus Age for Initial Planting Densities of 200 to 1.000 Trees per Acre on Land with Site Index k0 
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Figure 16. Survival versus Age for I n i t i a l Planting Densities for 2 0 0 
to 1 , 0 0 0 Trees per Acre on Land with Si te Index $0 
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Figure 17. Survival versus Age for In i t ia l Planting Densities of 200 
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FIGURE 1 8 * SURVIVAL VERSUS AGE FOR I N I T I A L PLANTING DENSITIES OF 200 
TO 1,000 TREES PER ACRE ON LAND WITH S I T E INDEX 80 
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Figure 19* Diameter at Breast Height versus Age for Int ia l Planting 
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Figure 20. Diameter at Breast Height versus Age for In i t ia l Planting 
Densities of 200 to 1,000 Trees per Acre on Land with Site 
Index 5>0 
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Figure 21 • Diameter at Breast Height versus Age for In i t ia l Planting 
Densities of 200 to 1,000 Trees per Acre on Land with Site 
Index 70 
Figure 2 2 . Diameter at Breast Height versus Age for In i t i a l Planting 
Densities of 2 0 0 to 1 , 0 0 0 Trees per Acre on Land with Site 
Index 8 0 
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Figure 2 3 . Basal Area versus Age for In i t ia l Planting Densities of 2 0 0 
to 1 , 0 0 0 Trees per Acre on Land with Site Index UO 
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figure 2l|. Basal Area versus Age for In i t ia l Planting Densities of 200 
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Figure 25. Basal Area versus Age for In i t ia l Planting Densities of 200 
to 1,000 Trees per Acre on Land with Site Index 70 
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Figure 2 6 . Basal Area versus Age for Int ia l Planting Densities of 2 0 0 
to 1 , 0 0 0 Trees per Acre on Land with Site Index 8 0 
Figure 27. Harvestable Tield versus Age for In i t ia l Planting Densities 
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Figure 28. Harvestable Yield versus Age for In i t ia l Planting Densities 
of 200 to 1,000 Trees per Acre on Land with Site Index £0 
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Figure 29. Harvestable Yield versus Age for In i t ia l Planting Densities 
of 200 to 1 ,000 Trees per Acre on Land with Site Index 70 
Figure 3 0 . Harvestable Yield versus Age for In i t ia l Planting Densities 
of 2 0 0 to 1 , 0 0 0 Trees per Acre on Land with Site Index 8 0 
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Figure 31 • Merchantable Stem Weight versus Age for I n i t i a l Planting 
Densities of 200 to 1,000 Trees per Acre on Land with Site 
Index k0 
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Figure 32. Merchantable Stem Weight versus Age for I n i t i a l Planting 
Densities of 200 to 1,000 Trees per Acre on Land with Si te 
Index 56 
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Figure 33 . Merchantable Stem Vfeight versus Age for In i t ia l Planting 
Densities of 200 to 1,000 Trees per Acre on Land with Site 
Index 70 
298 
Figure 3h» Merchantable Stem Weight versus Age for In i t ia l Planting 
Densities of 200 to 1,000 Trees per Acre on Land with Site 
Index 80 
APPENDIX V 
ECONOMIC MODEL RESULTS 
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Figure 3£. Independent Landowner's Rate of Return on Forest Investment 
and Growing Cost (Site Clearance Required) versus Age for 
In i t ia l Planting Densities of 200 to 1,000 Trees per Acre on 
Land with Site Index 1+0 
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10 20 30 ko Figure 36. Independent Landowner's Rate of Return on Forest Investment and Growing Cost (Site Clearance Required) versus Age for In i t ia l Planting Densities of 200 to 1,000 Trees per Acre on 
Land with Site Index $0 
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Figure 37• Independent Landowner's Rate of Return on Forest Investment 
and Growing Cost (Site Clearance Required) versus Age for 
Ini t ia l Planting Densities of 200 to 1,000 Trees per Acre on 
Land with Site Index 70 
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Figure 38. Independent Landowner's Rai;e of Return on Forest Investment 
and Growing Cost (Site Clearance Required) versus Age for 
I n i t i a l Planting Densities of 200 to 1,000 Trees per Acre on 
Land with Site Index 80 
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Figure 3 9 . Independent Landowner's Rats of Return on Forest Investment 
and Growing Coot (S i te Clearance Not Required) versus Age for 
I n i t i a l Planting Densit ies of 200 to 1,000 Trees per Acre on 
Land with Si te Index U0 
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Figure U1. Independent Landowner's Rate of Return on Forest Investment 
and Growing Cost (Si t s Clearance Not Required) versus Age for 
I n i t i a l Planting Densities of 200 t o 1,000 Trees per Acre on 
Land with Si te Index 70 
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Figure U2. Independent Landowner's Rate of Return on Forest Investment and Growing Cost (Site Clearance Not Esquired) versus Age for Initial Planting Densities of 200 to 1,000 Trees per Acre on Land with Site Index 80 
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i i i i \ \ I I i 10 20 i f • i ( i I i I I 30 Figure U3. Paper Company1 s Wood Growing Cost Utilizing Company Industrial 
Funds (Site Clearance Bequlred) versus Age for In i t ia l Planting 
Densities of 200 to 1,000 Trees per Acre on Land with Site 
Index hO 
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Figure UU« Paper Company's Wood Growing Cost Utilizing Company Industrial 
Funds (Site Clearance Required) versus Age for In i t i a l Planting 
Densities of 200 to 1,000 Trees per Acre on Land with Site 
Index 5>0 
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figure U5>. Paper Company's Wood Growing Cost Utilizing Company Industrial 
Funds (Site Clearance Required) versus Age for In i t ia l Planting 
Densities of 200 to 1,000 Trees per Acre on Land with Site 
Index 70 
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Figure U6. Paper Company's Wood Growing Cost Utilizing Company Industrial 
Funds (Site Clearance Required) versus Age for In i t ia l Planting 
Densities of 200 to 1,000 Trees per Acre on Land with Site 
Index 80 
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Figure 1+7 . Paper Company's Wood Growing Cost Utilizing Company Industrial 
Funds (Site Clearance Not Required) versus Age for In i t ia l 
Planting Densities of 2 0 0 to 1 , 0 0 0 Trees per Acre on Land 
with Site Index hO 
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Figure U 8 . Paper Company's Wood Grafting Cost U t i l i z ing Company Industrial 
Funds (Site Clearance Not Required) versus Age for I n i t i a l 
Planting Densities of 2 0 0 to 1 , 0 0 0 Trees per Acre on Land 
with Si te Index $0 




1—I I I—I I i—I—I—I I — I — M — I — I I II I—I—I—I—R—I—I—I—I—I—r 
C O S T ( D O L L A R S P E R C O R D ) 
1,000 
A G E ( Y E A R S ) 
I I I I A I I I I I I I I I I I I—I—I—I—I 
10 20 30 UO 
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Figure 50. Paper Company's Wood Growing Cost U t i l i z ing Company Industrial 
Funds (Site Clearance Not Required) versus Age for I n i t i a l 
Planting Densities of 200 to 1,000 Trees per Acre on Land 
with Site Index 80 
316 





I I 1 I 1 i I ? I L 1 I I » I « I M J I I I I 1 I I I 1 
Cost (Dollars per Cord) 
Age (Years) 
I • I 1 I I I I- I I I I I I - I I • I I R-1 I I I I I I I I I I 
10 20 30 
4 0 
Figure 51• Paper Company's Wood Growing Cost at 6 Percent Interest on 
Forest Investment and Growing Cost (Site Clearance Required) 
versus Age for In i t ia l Planting Densities of 200 to 1,000 
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Figure f>2. paper Company's Wood Growing Cost at 6 Percent Interest on 
Forest Investment and Growing Cost (Site Clearance Required) 
versus Age for In i t ia l Planting Densities of 200 to 1,000 
Trees per Acre on Land with Site Index f>0 
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Figure 5 3 . Paper Company's Wood Growing Cost at 6 Percent Interest on 
Forest Investment and Growing Cost (Site Clearance Required) 
versus Age for In i t ia l Planting Densities of 2 0 0 to 1 , 0 0 0 
Trees per Acre on Land with Site Jiidex 7 0 
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Figure 5 U « Paper Company's Wood Growing Cost at 6 Percent Interest on 
Forest Investment and Growing Cost (Site Clearance Required) 
versus Age for In i t ia l Planting Densities of 200 to 1,000 
Trees per Acre on Land with Site Index 80 
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